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EXECUTIVE  SUMMARY 


Small-arms  training  is  a  requirement  in  all  branches  of  the  military.  Over  1800  active 
military  outdoor  small-arms  training  ranges  are  operated  in  the  United  States.  In  a  typical  year, 
small-arms  training  activities  consume  over  300  million  rounds  and  add  between  1  and  2  million 
pounds  of  lead  to  the  ranges  in  the  form  of  bullet  debris.  As  a  result,  Department  of  Defense 
(DOD)  small-arms  ranges  accumulate  significant  amounts  of  lead  in  the  soil.  Because  elevated 
levels  of  lead  in  groundwater  and  soils  can  present  a  health  hazard,  the  migration  of  heavy  metals 
can  result  in  environmental  regulators  imposing  training  restrictions,  which  ultimately  will 
reduce  operational  readiness.  Technology  to  reduce  lead  contamination  is  recognized  as  a  high- 
priority  DOD  user  requirement.  The  Environmental  Security  Technology  Certification  Program 
(ESTCP)  fimded  a  technology  demonstration  of  shock-absorbing  concrete  (SACON)  bullet¬ 
trapping  technology  to  address  this  requirement. 

SACON  is  a  low-density,  fiber-reinforced,  foamed  concrete  developed  by  the  Waterways 
Experiment  Station  (WES)  to  be  used  in  the  construction  of  live-fire  training  facilities  such  as 
hand-grenade  houses  and  Military  Operations  in  Urban  Terrain  (MOUT)  villages.  SACON  was 
developed  to  minimize  the  hazard  of  ricochets  during  mban  training.  The  shock-absorbing 
properties  of  the  concrete  necessary  to  reduce  ricochets  also  function  to  create  a  medium  for 
capturing  small-arms  bullets.  In  a  properly  designed  SACON  bullet  trap,  the  incoming  bullet 
buries  itself  in  the  concrete.  The  alkaline  nature  of  the  concrete  results  in  the  creation  of  less- 
soluble  lead  corrosion  products,  which  reduces  the  leaching  of  lead  into  the  surrounding  soil. 
The  use  of  SACON  on  small-arms  ranges  provides  the  DOD  with  a  recyclable  bullet-trap 
material  that  does  not  detract  from  training  realism. 

Demonstration  objectives  focused  on  identifying  and  validating  the  performance,  cost, 
safety,  logistics,  training  realism,  and  recycling  aspects  of  the  SACON  bullet-trap  material. 
Field  demonstration  of  SACON  was  conducted  at  the  United  States  Military  Academy  (USMA) 
in  West  Point,  New  York,  from  April  through  November  1997  and  at  Fort  Knox,  Kentucky,  from 
March  1997  through  January  1998.  SACON  recycling  was  demonstrated  at  WES  in 
October  1997.  Accelerated  durability  and  ricochet  testing  was  conducted  at  the  U.S.  Army 
Aberdeen  Test  Center  (ATC)  in  March  1 998. 

The  lead  containment  efficiency  of  SACON  was  determined  through  data  collected  during 
durability  testing  conducted  at  ATC.  SACON  bullet  traps  tested  in  a  25-Meter  Range 
application  contained  87  percent  of  the  bullets  fired  at  the  trap.  The  majority  of  the  released 
fraction  of  bullet  debris  was  deposited  immediately  in  front  of  the  trap,  forming  a  debris 
pile.  Lead  concentrations  in  the  trap  and  debris  pile  exceeded  60,000  mg/kg.  In  the  absence  of 
weathering,  the  samples  exhibited  Toxicity  Characteristic  Leaching  Procedure  (TCLP)  levels 
that  exceeded  5  mg/L,  which  would  result  in  a  hazardous  waste  classification  based  on  lead 
toxicity.  However,  all  samples  taken  fi-om  SACON  bullet  traps  tested  at  Fort  Knox  and  USMA 
that  were  exposed  to  the  effects  of  weathering  exhibited  TCLP  levels  of  less  than  5  mg/L. 
Exposure  of  the  bullet  debris  to  the  SACON  material  resulted  in  the  formation  of  insoluble  lead 
corrosion  products.  As  a  result,  all  SACON  debris  removed  from  these  ranges  was  classified  as 
nonhazardous  and  disposed  of  as  a  solid  waste. 
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Soil  erosion  resulting  from  repeated  bullet  impacts  was  reduced  in  front  of  and  behind  the 
target  emplacements  by  burying  SACON  in  these  areas.  Reducing  soil  erosion  aids  in  mitigating 
the  physical  transport  of  lead  debris  from  the  bullet’s  impact  point  on  the  range.  SACON  also 
provides  adequate  protection  of  the  target  coffin  when  properly  maintained.  Mitigation  of  this 
impact  erosion  results  in  less-frequent  maintenance  requirements  in  these  areas.  An  estimate  of  a 
two-thirds  reduction  in  maintenance  time  for  these  areas  was  subjectively  made  based  on  visual 
observations  during  the  demonstrations. 

The  cost  of  installing  and  using  SACON  was  estimated  based  on  the  costs  incurred  during 
the  conduct  of  the  demonstration  and  the  application  of  these  costs  to  SACON  s  potential  use  on 
a  20-lane  25-Meter  Range.  Nonrecurring  costs  associated  with  the  SACON  technology  are 
incurred  during  the  manufacturing,  site  evaluation,  site  preparation,  and  installation  processg- 
Manufacturing  costs  were  derived  from  a  10-yd^  batch  production  rate  of  90  Ib/ft , 
polypropylene-fiber  SACON.  This  mode  of  production  corresponds  to  the  mixing  capacity  of  a 
modem  transit  mixer  tmck.  A  nonrecurring  cost  of  approximately  $1600  per  lane  was  estimated 
to  outfit  a  20-lane  25-Meter  Range  with  SACON  bullet  traps.  The  annual  recumng  costs 
associated  with  the  use  of  SACON  consist  of  maintenance,  waste  management,  and  replacement 
SACON  block  manufacturing.  Recurring  costs  were  derived  based  upon  the  assumption  of  an 
annual  throughput  of  600,000  M855  bullets  on  a  20-lane,  25-Meter  Range  and  the  durability  of 
the  SACON  bullet-trap  designs  that  were  tested.  The  durability  data  generated  during  the 
demonstration  were  used  to  estimate  the  number  of  maintenance  events  that  must  be  conducted 
annually  to  maintain  the  SACON  bullet  trap.  Accelerated  durability  testing  conducted  at  ATC 
indicated  that  a  maintenance  event  will  be  required  after  7,100  rounds  are  fired  into  the  trap 
design  that  was  tested.  The  600,000-round  annual  throughput  equates  to  30,000  rounds  fired  at  a 
single  target  on  each  lane.  Based  on  the  measured  durability  of  the  SACON  bullet-trap  design 
tested  and  its  resultant  maintenance  frequency  for  the  assumed  30,000  rounds  per  lane 
throughput,  an  annual  recurring  cost  of  $3800  per  lane  was  estimated. 

Ricochet  testing  was  conducted  at  ATC  to  develop  data  to  determine  if  SACON  had  any 
effect  on  the  surface  danger  zone  (SDZ)  of  the  range.  ATC  measured  the  ricochet  angles, 
velocities,  and  distances  of  two  rifle  and  two  pistol  rounds  after  impacting  a  relatively  flat 
SACON  surface.  The  M855  and  Ml 93  rifle  rounds  were  fired  on  90-lb/ft  SACON  blocks  while 
the  M882  and  M1911  pistol  rovmds  were  fired  on  70-lb/ft^  SACON  blocks.  The  Corps  of 
Engineers  Engineering  Support  Center,  Himtsville,  Alabama,  used  these  data  to  assess  the  impact 
of  using  SACON  bullet  traps  on  the  SDZ  of  the  25-Meter,  Automated  Record  Fire,  Automated 
Field  Fire,  and  the  Combat  Pistol  Qualification  Course  Ranges.  The  assessment  was  completed 
by  plotting  the  termination  points  of  the  ricochet  projectiles  upon  the  appropriate  SDZ  as 
published  in  AR  385-64.  All  ricochets  resultant  from  ATC’s  testing  terminated  within  the 
respective  SDZ. 
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The  procedures  employed  during  bullet-trap  maintenance  were  evaluated  from  a  personnel 
safety  perspective.  Bullets  impacting  SACON  create  debris  consisting  of  SACON  chunks,  dust, 
bullet  slugs,  and  bullet  fragments.  The  dust  contains  both  crushed  SACON  and  lead  particles. 
Personal  protective  equipment  (PPE)  will  be  required  to  perform  maintenance  on  SACON 
barriers  to  limit  lead  and  dust  exposure.  Also,  the  weight  of  the  SACON  blocks  used  in  the 
demonstration  exceeded  established  limits  for  personnel  lifting  and  handling  to  perform 
maintenance.  Alternate  block  designs  that  utilize  mechanical  lifting  and  handling  equipment 
must  be  used  to  safely  install  and  maintain  SACON  bullet  traps. 

A  recycling  demonstration  conducted  at  WES  resulted  in  the  determination  that  SACON 
material  that  has  been  shot  with  the  M855  5.56-mm  round  cannot  be  economically  recycled 
using  the  process  employed  by  WES.  The  process  did  not  meet  steel  or  lead  reduction  targets 
established  for  the  demonstration.  It  should  be  noted  that  the  applicability  of  these  targets  has 
since  been  questioned  based  on  the  field  results  of  the  live-fire  testing  conducted  on  the  recycled 
SACON  blocks.  Further  testing  will  be  required  to  establish  valid  recycling  performance 
criteria.  The  cost  of  recovering  the  aggregate  from  the  used  SACON  blocks  is  approximately 
100  times  the  cost  of  purchasing  new  aggregate  material.  Disposal  of  the  used  SACON  as  a 
solid  waste  coupled  with  the  purchase  of  new  aggregate  material  would  be  approximately 
75  percent  cheaper  than  recovering  the  aggregate  material;  therefore,  recycling  was  not  proven  to 
be  economically  feasible. 

SACON,  when  used  in  a  backstop-type  application,  compares  directly  with  commercial 
off-the-shelf  (COTS)  bullet  traps  and  the  traditional  soil  berm.  Comparisons  were  based  on 
bullet  debris  containment,  airborne  lead  emissions,  maintenance  requirements  and  frequency, 
waste  handling  and  disposal  requirements,  and  cost.  In  general,  SACON  compared  favorably 
with  the  COTS  bullet  traps  and  soil  berm  in  all  areas  with  the  exception  of  cost.  An  annual  net 
equivalent  value  was  calculated  for  each  of  the  technology  alternatives.  Three  categories  of 
range  usage  and  three  categories  of  lead  transport  risk  were  defined  to  aid  in  the  comparison.  As 
expected,  on  ranges  that  exhibit  a  low  risk  for  lead  transport,  the  soil  berm  provides  the  lowest- 
cost  method  of  capturing  rounds.  However,  as  the  risk  of  lead  transport  from  the  range  increases 
(lead  transport  risk  should  be  determined  prior  to  implementing  any  form  of  corrective  action), 
the  use  of  bullet  traps  becomes  economically  feasible  when  compared  to  the  prospect  of 
periodically  removing  the  lead  from  the  soil.  Due  to  maintenance  frequency,  the  SACON  bullet 
traps  tested  proved  to  have  a  higher  cost  than  other  commercially  available  traps. 

SACON  does  provide  Range  Managers  with  a  means  of  effectively  capturing  and 
containing  lead  on  small-arms  ranges.  SACON  offers  significant  benefits  in  comparison  to 
current  COTS  technologies.  It  exhibits  an  ability  to  inhibit  the  leaching  of  lead  corrosion 
products,  resulting  in  a  lead  stabilization  capability  not  demonstrated  by  the  COTS  bullet  traps 
and  soil  berm.  The  waste  generated  from  the  normal  range  use  of  SACON  was  not  hazardous 
by  characteristics  and  can  be  disposed  of  as  a  solid  waste.  SACON  is  not  flammable  and  can  be 
formed  in  any  shape,  making  it  adaptable  to  more  range  applications  than  standard  COTS 
technologies.  However,  like  all  bullet  traps,  SACON  is  an  expensive  means  of  mitigating  the 
risk  of  lead  transport  from  ranges  and  should  only  be  considered  as  a  last  resort  for  keeping 


ranges  environmentally  compliant.  Other  methods  of  reducing  lead  transport  risk  should  be 
investigated  prior  to  installing  any  bullet-trap  technology.  New  methods  of  stabilizing  the  lead 
on  the  range  and  mitigating  physical  lead  transport  in  storm  water  runoff  are  being  developed 
and  may  provide  more  cost-effective  means  of  reducing  lead  transport  risk  and  bioavailability. 
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1.  Introduction 


1.1  Background  Information 

Small-arms  training  is  a  requirement  in  all  branches  of  the  military.  Over  1800  military  outdoor 
small-arms  training  ranges  are  maintained  in  the  United  States  (ref  1).  In  a  typical  year, 
small-arms  training  activities  consume  over  300  million  rounds  and  add  between  1  and  2  million 
pounds  of  lead  to  the  ranges  in  the  form  of  bullet  debris  (ref  2).  Military  small-arms  ammimition 
is  typically  fabricated  with  a  full-jacketed  bullet  consisting  of  a  copper  alloy  Jacket  over  a 
hardened  lead  alloy  (lead  and  antimony)  slug  and  a  steel  core  penetrator  (ref  3)  (fig.  1-1). 
Through  normal  training  operations,  Department  of  Defense  (DOD)  small-arms  ranges 
accumulate  significant  amoimts  of  lead  and  other  metals  in  the  soil. 
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Figure  1-1.  M855,  5.56-min  small-arms  round. 
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Small-arms  range  debris  consists  primarily  of  intact  bullets  and  bullet  fragments.  The  lead  in 
both  intact  bullets  and  bullet  fragments  will  corrode.  Important  early  corrosion  products  include 
lead  oxides,  lead  hydroxides,  and  lead  carbonates.  Lead  oxides,  hydroxides,  and  carbonates  are 
more  soluble  than  the  hardened  lead  alloy,  making  them  more  transportable  (ref  1).  These 
inorganic  constituents  may  become  mobile  and  migrate  into  groundwater  or  surface  water. 
Because  elevated  levels  of  lead  in  groundwater  and  soil  can  present  a  health  hazard,  the 
migration  of  these  heavy  metals  can  result  in  environmental  regulators  imposing  training 
restrictions  which  ultimately  will  reduce  operational  readiness. 

Bullet  traps  function  to  capture  bullets  and  offer  a  means  to  reduce  the  future  deposition  of  bullet 
debris  on  small-arms  ranges.  By  functioning  effectively,  bullet  traps  will  prevent  metals  from 
being  distributed  in  the  range  impact  area  and  will  allow  for  the  removal  of  metals  that  would 
normally  be  distributed  over  the  training  range.  Systems  for  trapping  bullets  before  they  enter 
the  soil  may  provide  significant  cost  avoidance  when  future  range  cleanup  is  required.  Utilizing 
shock-absorbing  concrete  (SACON)  bullet  traps  as  an  advanced  "best-management  practice"  on 
at-risk  ranges  could  enhance  DOD’s  compliance  with  the  proposed  U.S.  Environmental 
Protection  Agency's  (USEPA's)  Military  Munitions  Rule  (MR)  through  a  reduction  in  the 
potential  for  off-site  migration  of  lead,  copper,  and  antimony. 

Repeated  bullet  impacts  break  up  the  compacted  soil  around  range  targets  and  increase  the  rate 
of  soil  erosion,  promoting  lead  transport.  Repeated  bullet  impacts  remove  vegetation  and  create 
incised  beaten  zones  that  mark  the  locations  of  the  target  and  reduce  training  realism.  The  use  of 
SACON  bullet  traps  may  reduce  this  local  erosion  and  thus  improve  training  realism  and  reduce 
maintenance  and  repair  activities. 

The  U.S.  Army  Environmental  Center  (AEC)  recently  completed  a  study  on  the  applicability  of 
various  bullet-trap  technologies  to  typical  Army  small-arms  ranges.  The  project  resulted  in  the 
publication  of  a  technical  report  titled  Bullet  Trap  Feasibility  Assessment  (ref  4).  This  effort 
identified  existing  bullet-trap  designs,  developed  criteria  for  evaluating  the  designs,  assessed  the 
feasibility  of  using  the  bullet  traps  in  conjunction  with  training,  and  developed  a  Bullet  Trap 
User’s  Guide  (ref  5).  Of  the  friction-type  traps  listed  in  the  Bullet  Trap  Feasibility  Assessment, 
only  the  SACON  bullet-trapping  medium  developed  by  the  U.S.  Army  Corps  of  Engineers 
(COE)  Waterways  Experiment  Station  (WES)  was  listed  as  potentially  recyclable. 

SACON  is  a  generic  term  for  a  low-density,  fiber-reinforced  foamed  concrete  developed  by 
WES  to  be  used  in  the  specialized  construction  of  live-fire  training  facilities  such  as  hand- 
grenade  houses  and  Military  Operations  in  Urban  Terrain  (MOUT)  villages  (ref  6).  SACON  was 
developed  to  minimize  the  hazard  of  ricochets  during  urban  training.  The  shock-absorbmg 
properties  of  the  concrete  necessary  to  reduce  ricochets  also  function  to  create  a  medium  for 
capturing  small-arms  bullets.  In  a  properly  designed  target  system,  the  incoming  bullet  buries 
itself  in  the  concrete.  SACON  is  about  one-half  as  dense  and  one-third  as  strong  as  conventional 
concrete.  The  cellular  structure  of  the  SACON  collapses  as  the  bullet  enters  the  concrete,  and 
the  fibers  in  the  concrete  reduce  spalling.  The  low  permeability  and  high  alkalinity  of  the 
concrete  create  less  soluble  corrosion  products,  which  reduces  the  corrosion  and  leaching  of  lead 
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into  the  surrounding  soil.  Using  SACON  as  a  bullet-trapping  medium  enables  the  capture  and 
containment  of  bullets  and  a  segregation  from  the  soil  environment.  The  innovative  use  of 
SACON  on  small-arms  ranges  provides  DOD  a  recyclable  bullet-trap  material  which,  when 
applied  in  certain  range  configurations,  does  not  detract  from  training  realism. 

The  economic  benefits  derived  by  using  bullet  traps  are  gained  primarily  by  avoiding  or 
lessening  anticipated  future  remediation  efforts  at  ranges  that  present  medium  to  high  risk  for 
lead  migration. 

1.2  Official  DOD  Requirement  Statement 

Specific  DOD  user  requirements  addressed  by  this  program  are  identified  in  Table  1-1.  DOD 
uses  soil  berms  as  backstops  at  small-arms  firing  ranges.  These  berms  become  contaminated 
with  lead  and  can  potentially  contaminate  groimdwater  and  complicate  any  effort  to  recycle  lead 
and  copper  in  the  bullets. 


TABLE  1-1.  DOD  REQUIREMENT  DESCRIPTION 


Requirement 

No. 

Description 

Priority 

Army  1.4d 

Lead  contamination 

High 

Air  Force  95-1416 

Lead  migration  studies  at 
small-arms  ranges 

Medium 

1.3  Objectives  of  the  Demonstration 

The  primary  objective  was  to  evaluate  the  performance  of  SACON  as  a  bullet-trapping  material 
for  use  in  Army  outdoor  range  applications  (ref  9).  Fourteen  types  of  small-arms  ranges  are 
currently  in  use  by  the  Army  (ref  4).  Of  these,  the  four  ranges  described  in  the  following 
paragraphs  were  used  during  the  demonstration.  These  four  range  types  were  selected  because 
they  have  the  heaviest  usage  and  the  widest  applicability  throughout  the  Army  and  provide  a 
high  potential  for  bullet  capture.  Also,  three  of  the  four  types  of  ranges  described  consistently 
receive  the  M16’s  5.56-mm,  M855  round  (see  fig.  1-1).  The  5.56-mm  round  is  the  most  heavily 
used  Army  small-arms  roimd  (ref  2). 
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1.3.1  25-Meter  (Zero)  Range  (fig.  1-2).  Military  25-Meter  Ranges  are  used  to  zero  rifles  and 
for  familiarization  firing  with  a  variety  of  firearms.  During  this  training,  each  solider  shoots  an 
average  of  30  rounds  at  targets  mounted  in  fixed  wooden  frames,  which  are  always  visible  to  the 
shooter  (ref  9).  Bullet  traps  are  considered  feasible  for  use  on  the  25-Meter  Range  because  large 
volumes  of  rounds  are  fired  into  a  concentrated  impact  area,  which  presents  a  high  probability  of 
capturing  roxmds. 


25  Meter  Plan  View 


Figure  1-2.  25-Meter  Range. 
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1.3.2  Automated  Field  Fire  (AFF)  Range  (fig.  1-3).  AFF  Ranges  have  pop-up  targets  located 
75,  175,  and  300  meters  from  the  firing  position.  The  soldier  expends  10  rounds  each  at  the  75- 
and  300-meter  targets,  and  20  rounds  at  the  175-meter  target  (ref  9).  Bullet  impacts  on  this  range 
are  concentrated  around  the  target  emplacements  and,  since  concealment  of  target  location  is  not 
a  factor  for  training  realism,  bullet  traps  are  feasible  for  use  on  this  range. 


Figure  1-3.  AFF  Range. 
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1.3.3  Automated  Record  Fire  (ARF)  Range  (fig.  1-4).  ARF  Ranges  are  used  by  soldiers  to 
qualify  for  marksmanship  ratings.  These  ranges  are  equipped  with  pop-up  targets  at  six 
distances  (50-meter  intervals  up  to  300  meters).  Unlike  AFF  Ranges,  the  targets  blend  into  the 
natural  terrain,  and  the  soldier  is  required  to  detect  one  or  two  of  the  targets  as  they  are  exposed 
and  hit  them  in  a  given  period  of  time.  Each  soldier  fires  40  rounds  per  qualification  trial  (ret  9). 
For  a  bullet  trap  to  be  feasible  for  use  on  this  range,  the  trap  must  be  capable  of  being 
camouflaged  to  prevent  easy  target  acquisition  by  the  soldier. 


Figure  1-4.  ARF  Range. 
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1.3.4  Combat  Pistol  Qualification  Course  (CPQC)  (fig.  1-5).  The  CPQC  is  a  pistol  range  that 
employs  pop-up  silhouette  targets.  Distances  to  the  targets  are  short  compared  to  the  rifle 
ranges,  with  seven  targets  at  ranges  from  10  to  3 1  meters  (ref  9).  Since  round  impacts  are 
concentrated  in  a  small  area  and  target  locations  are  known,  the  use  of  bullet  traps  is  feasible. 


Figure  1-5.  CPQC  Range. 


The  demonstration  was  designed  to  identify  and  verify  the  economic,  operational,  and 
environmental  performance  data  that  will  be  used  to  transfer  SACON  technology  to  potential 
users  (ref  9).  Six  major  factors  were  evaluated:  performance,  life-cycle  costs,  safety,  logistics, 
training  realism,  and  recyclability  (ref  10). 
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The  demonstration  was  conducted  at  the  U.S.  Military  Academy  (USMA)  West  Point,  New 
York;  Fort  Rnox,  Kentucky;  WES,  Mississippi;  and  the  U.S.  Army  Aberdeen  Test  Center 
(ATC),  Maryland. 

1.4  Regulatory  Issues 

Prior  to  the  promulgation  of  the  USEPA's  Military  MR,  no  federal  regulations  specifically 
addressed  military  munitions  or  ranges  (ref  1 1).  However,  federal  laws  such  as  the  Clean  Water 
Act  (CWA);  Safe  Drinking  Water  Act;  Resource  Conservation  and  Recovery  Act  (RCRA); 
Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  (CERCLA);  and 
others  can  be  applied  to  active  small-arms  ranges.  The  law,  however,  remains  unresolved  as  to 
the  extent  to  which  federal  and  state  regulators  can  directly  affect  range  activities.  While  the 
Army  continues  to  assert  that  environmental  authority  does  not  reach  active  ranges,  prevention  is 
the  best  course  of  action  in  an  uncertain  regulatory  climate. 

1.4.1  U.S.  Federal  Laws  and  Regulations 

1.4.1.1  EPA  Military  MR  and  RCRA.  The  EPA's  Military  MR  defines  when  military 
munitions  become  waste  and  how  RCRA  applies  to  waste  mumtions  (ref  1 1).  As  such, 
munitions  (which  include  small-arms  ammunition)  are  not  a  RCRA  waste  when  used  for  their 
intended  purpose  (training,  research  and  development,  testing,  or  destruction  during  range 
maintenance).  It  is  important  to  remember  that  because  not  all  states  have  adopted  the  Military 
MR,  the  Army  has  no  national  standard  for  applying  RCRA  to  military  mumtions.  States  with 
RCRA  authority  that  have  not  adopted  the  Military  MR  could  promulgate  more  stringent 
regulations. 

1.4.1.2  DOD  Range  Rule  (RR).  The  proposed  DOD  RR  establishes  procedures  for  evaluating 
and  responding  to  explosive  safety,  human  health,  and  environmental  concerns  on  closed, 
transferring,  and  transferred  military  ranges  based  upon  reasonable  anticipated  future  land  use 
(ref  1 1).  Closed  ranges  include  ranges  within  military  control  that  have  been  put  to  a  use 
incompatible  with  range  activities.  Transferring  ranges  include  those  associated  with  Base 
Realignment  and  Closure  (BRAC)  activities  and  other  property  transfers  to  nonmilitary  entities. 
Transferred  ranges  include  those  in  the  Formerly  Used  Defense  Sites  (FUDS)  program.  The 
DOD  RR  does  not  apply  to  active  ranges  being  upgraded,  modified,  or  converted  to  other 
training  activities  such  as  maneuver  areas. 

1.4.1.3  CWA.  The  CWA  of  1987  (an  amendment  to  the  1972  Federal  Water  Pollution  Control 
Act)  regulates  the  discharge  of  pollutants  into  U.S.  waters,  making  it  illegal  to  discharge 
pollutants  without  a  permit.  The  intent  of  the  CWA  is  to  "restore  and  maintain  the  chemical, 
physical,  and  biological  integrity  of  the  nation’s  waters."  Enforcement  actions  under  the  CWA 
can  be  applied  to  Army  installations  where  water  quality  has  been  substantially  reduced  by 
erosion,  and  could  be  applied  where  lead  has  migrated  to  surface  water  via  stormwater  runoff  or 
erosion  fi-om  ranges.  Munitions,  as  a  class  of  items,  are  defined  as  a  "pollutant"  under  the  CWA, 
Section  502  (6)  (ref  1 1). 
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1.4.1.4  Safe  Drinking  Water  Act.  The  Safe  Drinking  Water  Act  of  1974  (amended  in  1996), 
the  primary  law  used  to  protect  the  nation's  drinking  water  supply,  sets  drinking  water  standards 
that  safeguard  the  public  health  against  pollutants  and  contaminants.  In  April  1997,  EPA 
Region  I  relied  on  the  Safe  Drinking  Water  Act  to  stop  training  (the  firing  of  large-  and  small- 
caliber  ammunition  as  well  as  the  use  of  pyrotechnics  and  smoke)  at  the  Massachusetts  Military 
Reservation.  This  was  based  on  allegations  that  ongoing  training  activities  caused  an  imminent 
and  substantial  threat  of  contamination  to  the  sole  source  aquifer  under  the  impact  area  (ref  11). 

1.4.1.5  CERCLA.  The  CERCLA  (enacted  in  1980  and  extensively  amended  in  1984)  primarily 
requires  remediation  at  inactive  hazardous  waste  sites.  CERCLA,  however,  is  triggered  by  the 
release  or  substantial  threat  of  a  release  into  the  environment  of  a  hazardous  substance,  pollutant, 
or  contaminant  that  presents  an  imminent  and  substantial  danger  to  the  public  health  or  welfare. 
Military  munitions,  as  a  class,  are  not  designated  as  CERCLA  hazardous  substances  (ref  11). 
However,  some  constituents  of  munitions  are  listed  as  CERCLA  hazardous  substances. 

Examples  include  ammunition  that  contains  lead,  mercury,  cadmium,  nitroglycerin,  ammonium 
picrate,  and  phosphorous.  DOD  is  currently  evaluating  how  CERCLA  can  be  applied  at  military 
ranges. 

1.5  Stakeholder/End-User  Issues 

From  the  Range  Manager’s  perspective,  adding  a  bullet  trap  to  their  outdoor  range  creates  a 
burden  when  compared  to  current  and  historic  range  operations.  The  burden  is  created  by  adding 
cost,  labor,  and  bullet  trap  operations  and  maintenance  requirements  to  range  operations.  The 
no-action  alternative  of  shooting  into  current  range  impact  areas  means  the  Range  Manager  can 
continue  operations  as  usual  without  budgeting  or  reallocating  from  an  already  austere  budget  for 
range  improvements  not  designed  to  improve  training  realism.  If  the  Range  Manager  is  to  install 
bullet  traps  on  the  range,  he  must  do  the  following:  determine  an  effective  type  of  trap  to  meet 
range  safety  and  training  realism  requirements,  prepare  the  range,  install  the  trap,  train  and 
dedicate  personnel  to  operation  and  maintenance,  and  deal  with  the  regulatory  and  administrative 
concerns  created  by  off-site  range  debris  disposal.  In  general,  it  is  difficult  to  convince  a  Range 
Manager  to  take  away  from  current  operational  funds  to  save  on  future  clean-up  costs. 

From  an  Army  management  perspective,  a  balance  must  be  drawn  between  training  needs  and 
today’s  and  tomorrow's  budgets.  There  is  no  avoiding  the  nation's  need  for  training  ranges  to 
ensure  our  soldiers  are  ready  for  future  conflicts.  The  question  becomes  "what  is  the  best  way  to 
manage  resources  to  complete  the  mission?"  Targeting  ranges  that  are  at  risk  of  noncompliance 
with  the  draft  Military  MR  should  be  the  first  priority  in  incorporating  innovative  bullet-trapping 
technology  into  range  operations.  The  action  is  necessary  to  ensure  training  operations  can 
continue.  The  decision  to  incorporate  bullet  traps  into  ranges  that  are  not  at  risk  becomes 
primarily  an  economic  decision  (how  much  can  we  invest  today  to  avoid  certain  costs  later)  and 
a  balancing  of  environmental  stewardship  issues. 
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1.6  Previous  Testing  of  the  Technology 

The  WES  developed  SACON  as  a  ricochet-reducing  building  material  for  use  in  live-fire  traimng 
facilities.  Laboratory  work  and  field  use  of  SACON  had  previously  been  completed  to 
determine  penetration  distances  of  various  small  arms  into  SACON  of  varying  densities 
(table  1-2)  (ref  12).  WES  utilized  this  information  to  determine  appropriate  densities  for  firing 
range  applications. 


TABLE  1-2.  PENETRATION  DISTANCES 

Depth  of  Projectile  Penetration  in  1440-kg/m^ 
(90-lb/tf )  Density  SACON 

r*  Typical  Depth  of  I 


Weapon 

Penetration  | 

mm 

in. 

0.38-caliber  pistol 

25.4 

1.00 

0.45-caliber  pistol 

31.7 

1.25 

9-mm  pistol 

60.5 

2.38 

M16A2  rifle  (5.56  mm) 

63.5 

2.50 

Ricochet  test  work  conducted  at  WES  determined  ricochets  did  not  pose  a  hazard  at  angles 
greater  than  10°  (ref  13).  Ricochet  testing  at  WES  included  a  Umited  amount  of  shooting  at 
fi-ozen  SACON.  WES  concluded  from  this  limited  testing  that  ricochet  hazards  were  not 
changed  by  the  frozen  condition  of  SACON  (ref  13). 

The  WES  conducted  laboratory  testing  of  field  samples  to  determine  typical  corrosion  products 
that  form  on  bullet  fragments  both  in  soil  and  in  concrete  debris  (ref  1).  The  results  showed  that 
bullet  fragments  in  soil  typically  formed  lead  carbonate  corrosion  products  while  fragments  from 
SACON  concrete  debris  formed  lead  hydroxide.  The  analysis  of  these  field  samples  yielded 
results  in  agreement  with  previous  laboratory  testing  (ref  1). 

Utilizing  these  findings,  WES  sought  to  improve  SACON’s  ability  to  reduce  the  leaching  rate  of 
lead  from  SACON  debris  (ref  14).  Lead  leaching  is  a  primary  consideration  in  determining  if 
waste  SACON  debris  that  contains  bullet  fragments  must  be  classed  as  a  RCRA  hazardous 
waste.  If  the  leachate  solution  from  the  standard  Toxic  Characteristic  Leaching  Procedure 
(TCLP)  (ref  15)  contains  less  than  5  milligrams  per  liter  of  leachate,  the  waste  is  not  considered  a 
hazardous  waste  based  on  lead  toxicity. 

The  lead-leaching  rate  is  controlled  by  the  types  of  corrosion  products  that  form  on  the  metallic 
lead  fragments  (ref  14).  Typically,  a  lead  carbonate  coating  will  form  on  lead  when  the  metal  is 
exposed  to  moisture  in  a  low-pH  environment.  In  higher-pH  (alkaline)  environments,  a  less 
soluble  lead  hydroxide  will  form  (ref  14). 


There  are  additional,  nearly  insoluble  corrosion  compovmds  that  will  form  on  the  surface  of  lead 
if  phosphate  is  present  in  the  liquid  phase  around  metallic  lead  (ref  14).  The  compounds  include 
lead  phosphate  hydroxide,  lead  phosphate  chloride,  and  hydrated  lead  aluminum  phosphate 
hydroxide  (ref  14).  The  natural  crystalline  forms  for  these  compoimds  and  their  solubility 
product  constants  are  given  in  Table  1-3  (ref  14). 


TABLE  1-3.  NATURAL  CRYSTALLINE  FORMS 


Compound 

Mineral  Analog 

Log  Solubility 
Product  Constant 

Lead  carbonate  (PbCOs) 

Cerussite 

-12.8 

Lead  phosphate  hydroxide 
(Pb5(P04)30H) 

Hydroxypyromorphite 

-82.3 

Lead  phosphate  chloride 
(Pb5  (P04)3C1) 

Pyromorphite 

-84.4 

Basic  lead  aluminum  phosphate 
(PbAl3  (P04)2(0H)5H20) 

Plumbogummite 

-99.3 

1.6.1  Testing  of  the  Effect  of  Calcium  Phosphate.  The  addition  of  calciiim  phosphate  was 
considered  as  a  means  to  reduce  the  leaching  rate  of  lead  from  SACON  debris  (ref  14).  In  order 
to  test  the  usefulness  of  the  proposed  SACON/phosphate  concrete,  four  test  batches  of  SACON 
were  prepared  using  the  components  and  relative  weights  given  in  Table  1-4  (ref  14).  All 
ingredients  were  dry  mixed  and  water  was  added  to  form  a  workable  paste.  Each  batch  was  cast 
in  a  clean  plastic  tray,  covered  with  plastic  film,  and  allowed  to  cure  for  seven  days.  The 
concrete  samples  were  then  subjected  to  an  acid-leaching  test.  Each  hardened  sample  was 
ground  so  that  the  material  would  pass  a  9.5-mm  (3/8-in.)  sleeve.  Ten  grams  of  each  of  the 
samples  were  placed  in  a  covered  beaker  and  covered  with  200  mL  of  0.1 -N  acetic  acid  solution. 
The  solution  was  prepared  by  diluting  reagent  grade  glacial  acetic  acid  with  distilled  water.  The 
initial  pH  of  the  solution  was  2.1.  All  hquid-solid  mixtures  were  placed  on  magnetic  stirrers  in 
covered  beakers  and  were  allowed  to  stir  for  24  hours. 
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TABLE  1-4.  COMPOSITIONS  OF  SACON  TEST  MIXTURES,  g 


Test  Mixtures 

Mixture  Designation  | 

Q 

QP  C  CP  1 

CMD  Sample  No.  | 

970291 

970292 

970293 

970294 

Portland  cement  Types  I  and  II 

400 

400 

400 

400 

Natural  river  sand  (quartz,  C33) 

400 

400 

- 

- 

Ground  limestone  (calcite,  C33) 

- 

” 

400 

400 

Water  (potable) 

160 

160 

160 

160 

Tribasic  calcium  phosphate 

- 

20 

- 

20 

Technical-grade  lead  powder 

10 

10 

10 

10 

Q  =  Quartz  sand. 

QP  =  Quartz  sand  and  phosphate. 
C  =  Calcite  sand. 

CP  =  Calcite  sand  and  phosphate. 


The  pH  of  each  mixture  was  measured  after  18  and  24  hours  (table  1-5).  All  samples  remained 
above  pH  10.0.  After  24  hours,  the  samples  were  centrifuged  and  10  mL  of  the  clear  supernatant 
liquid  (leachate)  was  collected  and  diluted  to  100  mL  using  distilled  water.  The  diluted  samples 
were  analyzed  by  inductively  coupled  atomic  absorption  spectrometry.  The  concentrations  of 
lead  in  each  of  the  leachate  samples  are  given  in  Table  1-5  (ref  14). 


TABLE  1-5.  CONCENTRATION  OF  LEAD  AND  pH  MEASUREMENTS 
OF  ACETIC  ACID  LEACH  LIQUIDS  FROM  SACON  AND 
SACON-PHOSPHATE  MIXTURES 


Sample  and  Sample  No. 

Pb  in 
Sample, 
ppm 

Pbin 

Leachate, 

ppm 

pH  after 
18  Hours, 
pH  units 

pH  after 

24  Hours, 
pH  units 

Quartz  sand  (Q) 

70338  Chem  Lab 

970291  CMD 

0.087 

0.87 

12.0 

12.1 

Quartz  sand  and  phosphate  (QP) 
70339  Chem  Lab 

970292  CMD 

.039 

.390 

10.5 

11.8 

Calcite  sand  (C) 

70340  Chem  Lab 

970292  CMD 

.031 

.310 

11.5 

12.1 

Calcite  sand  and  phosphate  (CP)  ~ 
70341  Chem  Lab 

970294  CMD 

.017 

.17 

11.5 

11.8 
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1.6.2  Results  of  Leach  Testing.  The  addition  of  calcium  phosphate  to  the  SACON  formulation 
reduces  the  amount  of  lead  leached  by  the  0.1 -N  acetic  acid  solution  in  batches  containing  either 
the  natural  quartz  sand  or  the  crushed  limestone  (calcite)  sand.  The  lowest  levels  of  lead  were 
observed  when  both  calcium  phosphate  and  calcium  carbonate  were  present .  This  mixture 
(CP  or  970294)  produced  a  lead  level  that  was  20  percent  of  the  lead  level  from  the  conventional 
quartz  sand  (Q  or  970291)  mixture.  The  results  indicate  that  the  pH  alone  is  probably  not 
controlling  the  lead  solubility.  The  formation  of  an  insoluble  coating  on  the  lead  grains  plays  a 
role  in  reducing  lead  loss. 

The  results  of  the  laboratory  work  were  used  in  filing  a  Record  of  Invention  by 
Mr.  Dennis  L.  Bean,  Dr.  Charles  A.  Weiss  Jr.,  Dr.  Philip  G.  Malone  (Concrete  and  Materials 
Division,  Structures  Laboratory,  WES),  and  Mr.  James  Sigurdson  (Ballastic  Technology,  Inc., 
Toronto,  Ontario,  Canada).  The  innovative  formulation  of  SACON  incorporates  low-solubility 
calcium  phosphate  compounds  that  interact  with  the  lead  metal  fragments  to  produce  an 
insoluble  lead  phosphate  coating  that  isolates  the  lead  fragments,  greatly  reducing  the  tendency 
of  the  lead  to  dissolve  in  water  (ref  14).  The  new  formulation,  referred  to  as  reformulated 
SACON  throughout  this  report,  was  manufactured  and  subjected  to  limited  field  testing  at  ATC. 
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2.  Technology  Description 


2.1  Description 

SACON  is  a  foamed,  fiber-reinforced  concrete  that  contains  no  coarse  aggregate.  SACON  is 
classed  technically  as  a  foamed  mortar  with  a  fiber  admixture  (ref  12).  Foamed  portland  cement- 
based  mortars  are  produced  for  industrial  applications  with  densities  ranging  from  20  Ib/ft  to 
densities  approaching  those  of  conventional  concrete  (160  Ib/ft^).  Foamed  mortars  have  been 
widely  used  as  insulation,  fire  barriers,  floor  fills,  roof  decks,  and  engineered  fills  for  mineshafts. 
Fiber-reinforced,  foamed  mortars  have  been  adapted  for  use  in  structures  designed  for  live-fire 
training  (fig.  2-1)  (ref  12).  SACON  has  a  closed  cellular  structure  that  breaks  down  when  a 
bullet  impacts  the  concrete.  In  a  properly  designed  target  system,  the  incoming  bullet  buries 
itself  in  the  concrete  and  does  not  ricochet.  Previous  research  has  shown  that  the  ability  of 
foamed  concrete  of  a  particular  composition  to  stop  a  projectile  varies  with  the  speed  of  the 
projectile.  For  projectiles  with  speeds  of  3000  ft/sec,  the  strength  of  the  foamed  concrete  (and 
secondarily  its  density)  is  more  important  than  the  type  of  fiber  reinforcement  in  determining  the 
depth  of  penetration  (ref  12). 

SACON  has  been  used  in  training  activities  that  utilized  the  Ml 6  rifle  firing  tiie  M855  round  and 
the  M9  pistol  firing  the  M3 8  Ball  ammunition.  When  used  to  stop  the  Ml 6  rifle  round  (M855  or 
M193),  the  density  of  the  SACON  bullet  barrier  is  typically  90  Ib/ft^.  For  ranges  that  train  with 
the  M9  pistol,  SACON  barriers  are  furnished  with  a  density  of  70  Ib/ft^.  The  density  that  is 
typically  presented  for  SACON  is  the  density  of  the  foamed  sand,  cement,  and  water  mixture. 


The  innovative  use  of  SACON  on  small-arms  ranges  provides  DOD  with  a  recyclable  material 
from  which  to  manufacture  bullet  traps.  These  traps  can  be  configured  to  blend  into  the  terrain 
or  to  serve  as  target  structures.  When  applied  in  certain  range  configurations,  the  use  of  SACON 
does  not  detract  from  training  realism.  In  fact,  SACON  enhances  the  ability  to  hide  pop-up 
targets  by  reducing  the  telltale  signature  created  by  erosion  around  the  target  coffin.  Lead  bullet 
debris  captured  by  SACON  undergoes  a  corrosion  process,  resulting  m  the  formation  of  a 
relatively  insoluble  coating  on  the  bullet  fragments.  Less-soluble  lead  fragments  reduce  the 
leachability  of  the  lead.  Reduced  solubility  and  erosion  subsequently  reduce  the  potential  for 
lead  migration  from  range  areas. 

2.1.1  SACON  Components 

The  materials  required  to  manufacture  SACON  are  presented  in  Tables  2-1  and  2-2  (ref  12). 


TABLE  2-1.  PROPORTIONING  OF  MATERIALS  FOR  SACON  WITH 
1440  KG/M^  (90  LB/FT^)  DENSITY 


Material 

Steel-Fiber  Reinforced 

Polypropylene-Fiber 

Reinforced 

kg/m^ 

Ib/yd^ 

kg/m^ 

Ib/yd^ 

Portland  cement  (ASTM  Types  I 
and  II) 

577 

972 

577 

972 

Water 

277 

466 

277 

466 

Aggregate 

577 

972 

577 

972 

Admixture 

0.16 

0.27 

0.16 

0.27 

114.5 

193 

8.78 

14.8 

329  L/m^ 

8.9  fl^/yd^ 

329  LW 

8.9  ft^/yd^ 

ASTM  =  American  Society  for  Testing  Materials. 


TABLE  2-2.  PROPORTIONING  OF  MATERIALS  FOR  SACON  WITH 
1120  KG/M^  (70  LB/FT^)  DENSITY 


Material 

Steel-Fiber  Reinforced 

Polypropy  lene-F  iber 
Reinforced 

kg/m^ 

Ib/yd^ 

kg/m^ 

Ib/yd^ 

Portland  cement  (ASTM  Types  I 
and  II) 

322 

710 

322 

710 

Water 

145 

320 

145 

320 

Aggregate 

322 

710 

322 

710 

Admixture 

0.11 

0.25 

Fiber 

87.7 

193 

14.8 

Foam 

514  L/m^ 

13.9  ft^/yd^ 

13.9  tf/yd^ 

15 


2.1.1.1  Aggregate.  SACON  is  proportioned  with  no  coarse  aggregate.  Specifications  for  the 
fine  aggregate  (sand)  used  in  a  SACON  mixture  were  selected  to  exclude  any  particles  larger 
than  9.5  mm  (0.36  in.).  Sand  that  meets  the  requirements  set  out  in  American  Society  for 
Testing  Materials  (ASTM)  C  33-93,  Standard  Specifications  for  Concrete  Aggregates,  Fine 
Aggregates  (ref  16),  is  generally  acceptable.  However,  it  may  be  prudent  to  specify  fine 
aggregate  that  meets  ASTM  C  144-89,  Standard  Specification  for  Aggregate  for  Masonry  Mortar 
(ref  17).  The  largest  particles  permitted  under  this  specification  must  pass  a  4.75-mm  (0.18-m.) 
sieve.  Table  2-3  presents  the  size  grading  for  each  specification.  The  selection  of  a  specification 
depends  on  the  ability  of  the  vendor  to  consistently  meet  the  size  requirements  in  the 
specification.  Sand  that  meets  the  C  144-89  standard  (masonry  sand)  is  generally  more 
expensive  than  sand  that  meets  the  C  33-93  standard  (concrete  sand),  but  there  is  the  assurance 
that  there  is  less  likelihood  of  aggregate  particles  of  sizes  greater  than  9.5  mm  being  m  the  final 
concrete  mixture.  The  introduction  of  coarse  aggregate  into  SACON  can  produce  ricochets  if  a 
bullet  impacts  on  a  piece  of  coarse  aggregate. 


TABLE  2-3.  AGGREGATE  SPECIFICATION 


ASTM  C  33 

ASTM  C  144 

%  Passing 

Sand 

Sieve  Specification 

%  Passing 

Natural 

Manufactured 

3/8-in. 

(9.5  mm) 

100 

- 

“ 

No.  4 

(4.75  mm) 

95  to  100 

100 

100 

No.  8 

(2.36  mm) 

80  to  100 

95  to  100 

95  to  100 

No.  16 

(1.18  mm) 

50  to  85 

70  to  100 

70  to  100 

No.  30 

(600  pm) 

25  to  60 

40  to  75 

40  to  75 

No.  50 

(300  pm) 

10  to  30 

10  to  35 

20  to  40 

No.  100 

(150  pm) 

2  to  10 

2  to  15 

10  to  25 

No.  200 

(75  pm) 

- 

- 

Oto  10 

Both  natural  and  manufactured  sands  are  suitable  constituents  for  SACON.  Manufactured  sands 
made  by  crushing  larger  aggregate  contain  more  angular  particles  than  do  natural  sands  firom 
sand  deposits  or  stream  dredging.  Manufactured  sands  typically  require  more  water  to  wet  the 
surfaces  and  require  more  effort  to  finish  to  a  smooth  surface.  Neither  of  these  factors  is  a 
serious  consideration  in  casting  SACON.  Either  type  of  sand  is  acceptable. 

2.1.1.2  Cement.  SACON  is  proportioned  with  cement  that  conforms  to  ASTM  C  150-89, 
Standard  Specification  for  Portland  Cement,  as  a  Type  I  or  H  portland  cement  (ref  18).  To 
obtain  uniform  results,  it  is  best  if  all  of  the  cement  used  in  a  particular  mixing  operation  is  of 
one  type  and  is  obtained  firom  one  source.  Pozzolanic  additives  are  not  normally  used  m 
SACON  because  these  materials  extend  the  curing  time  that  is  required  to  obtain  a  designated 

strength. 
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In  mixing  SACON,  the  cement  is  introduced  slowly  into  the  water-sand  slurry  in  the  mixer  to 
minimize  the  formation  of  “cement  lumps”.  Cement  lumps  form  easily  because  there  is  no 
coarse  aggregate  to  facilitate  mixing.  In  the  mixing  process,  it  is  important  that  the  cement  be 
introduced  into  the  mixture  as  a  free-flowing  powder.  The  most  uniform  SACON  is  produced 
using  fresh  cement  that  is  stored  in  bulk  (dispensed  from  silos).  Bagged  cement,  especially 
bagged  cement  that  has  aged  and  has  a  “bag  set”,  can  produce  an  unacceptable  number  of  hard 
lumps  (referred  to  as  cement  balls).  Cement  balls  that  are  larger  than  9.5  mm  in  diameter  can 
potentially  produce  ricochets  if  struck  by  an  incoming  round  much  the  same  as  would  be 
produced  by  coarse  aggregate  particles.  Also,  cement  that  is  not  distributed  in  the  mixture  will 
not  hydrate  to  produce  the  gel  that  bonds  the  grains  of  aggregate  together.  The  formation  of 
lumps  has  the  effect  of  removing  a  portion  of  the  cement  from  the  mixture  and  results  in  a 
weaker  concrete  product  that  will  have  a  shortened  service  life.  The  goal  in  selecting  the  cement 
and  conducting  the  mixing  operation  carefully  is  to  make  a  smooth,  uniform,  “batter-like” 
mixture. 

2.1.1.3  Admixtures.  SACON  (like  all  foamed  mortars)  consists  of  two  particulate  materials, 
cement  and  sand,  in  a  watery  mixture.  Quartz  sand  has  a  density  of  approximately  2.78  g/cm^ 
and  Portland  cement  has  a  density  of  3.15  g/cm^.  The  density  differences  are  such  that  the  two 
phases  will  separate  in  a  watery  suspension.  In  order  to  assure  that  the  materials  remain 
suspended,  it  is  necessary  to  add  a  thickener  to  increase  the  viscosity  of  the  mixture.  The  most 
compatible  thickeners  are  methyl  cellulose  ethers  (hydroypropyl  methyl  cellulose).  The  usual 
grade  used  in  SACON  is  19.0-  to  24.0-percent  methoxyl  methyl  cellulose  and  7.0-  to 
12.0-percent  hydroypropyl  methyl  cellulose.  Thickeners  are  furnished  as  a  dry  powder  and 
cannot  be  added  directly  to  the  water  mix  because  they  tend  to  clump  inunediately  on  wetting. 
The  thickener  is  routinely  added  to  a  portion  of  the  dry  cement  and  dispersed  through  the 
cement.  The  dry,  blended  powders  are  then  added  to  the  water  in  the  mixer. 

2.1. 1.4  Foaming  Agents.  A  variety  of  foaming  agents  are  available  for  making  preformed  foam 
for  cellular  concrete.  Products  are  typically  described  as  being  animal  protein-based  materials 
made  by  digesting  scleroprotein  such  as  feathers,  hair,  or  fish  scales  in  a  strong  alkali  solution  or 
synthetic  agents  which  are  typically  proprietary  surfactants  in  a  water-alcohol  solution. 
Specifications  listed  in  ASTM  C  896-91  (ref  19)  for  foaming  agents  are  based  on  the  ability  of 
the  agent  to  produce  a  cellular  concrete  with  a  density  of  641  kg/m^  (40  Ib/ft^)  and  an  unconfined 
compressive  strength  of  1 .4  MPa  (200  psi)  under  the  specific  conditions  described  in 

ASTM  C  796-93  (ref  20).  Any  foaming  agent  meeting  the  ASTM  C  896-91  specification  should 
be  acceptable. 

Foaming  agents  are  typically  furnished  as  a  liquid  concentrate  that  must  be  diluted 
approximately  40:1  with  potable  water  prior  to  use  in  a  foaming  pump.  Pumps  that  generate 
foam  can  be  purchased  in  a  variety  of  designs.  All  designs  are  based  on  mixing  air  with  the 
surfactant  solution  and  forcing  the  mixture  through  screens  or  packed  beads  to  generate  the 
foam.  Often  particular  pump  designs  work  best  with  specific  foaming  agents.  The  pump  and 
foaming  agent  can  be  obtained  as  a  system  or  separately. 
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2.1.1.5  Fibers.  Fibers  are  generally  used  to  increase  the  fracture  toughness  of  concrete, 
although  steel  fibers  can  produce  an  increase  in  the  unconfmed  compressive  strength  and  the 
modulus  of  rupture  when  used  in  dosages  of  over  3  percent  by  volume.  Synthetic  organic  fibers 
are  generally  used  only  to  increase  the  fracture  tougjmess  of  the  concrete  and  help  to  control 
shrinkage  cracking  during  curing  (ref  12). 

Almost  any  commercially  available  fiber  that  is  marketed  for  concrete  reinforcement  and  meets 
ASTM  Cl  1 16  (ref  21)  is  suitable  for  use  in  SACON.  Nylon,  polypropylene,  and  fibrillated 
(branched)  polypropylene  fibers  have  all  been  successfully  used  in  SACON.  The  fibers  should 
have  a  minimum  length  of  13  mm  (0.75  in.).  Fibers  up  to  37  mm  (1.5  in.)  in  length  have  been 
successfully  used,  although  long  fibers  are  more  difficult  to  evenly  distribute  throughout  the 
fresh  concrete  during  mixing  due  to  the  tendency  for  the  fibers  to  “ball  up”.  Fibers  that  do  not 
become  dispersed  in  the  mixture  produce  weak  spots  and  do  not  contribute  to  the  toughness  of 
the  concrete.  If  long  fibers  are  used,  the  fresh  concrete  must  be  moved  with  a  bucket  or  chute. 
Long  fibers  will  typically  clog  pumping  equipment.  Because  there  is  no  coarse  aggregate  in 
SACON  mixtures,  it  is  necessary  to  add  the  fiber  in  a  loose  form  in  small  quantities  to  the  mixer. 
Prepackaged  fiber  typically  will  not  be  dispersed  in  the  mixture  and  often  the  bags  of  fiber  will 
not  be  opened  by  the  mixing  action  because  of  the  lack  of  coarse  aggregate.  SACON  requires 
approximately  9.0  kg  of  fiberW  (15  Ib/yd^).  This  large  proportion  of  fiber  (1-percent  fibers  by 
volume)  is  approximately  the  maximum  amount  of  fiber  that  can  be  dispersed  evenly  using  a 
rotating  drum  mixer. 

While  both  steel  and  synthetic  fibers  were  used  during  the  demonstration,  steel  fibers  are  not 
recommended  for  use  on  the  range.  Steel  fibers  pose  a  handling  problem  when  SACON  debns  is 
gathered  from  the  range.  Range  personnel  received  superficial  punctures  and  cuts  through 
leather  gloves  while  handling  SACON  debris  made  with  steel  fibers. 


2. 1.1.6  Pigments.  Almost  any  commercially  available  pigment  recommended  for  use  with  air- 
enfr^ed  concrete  can  be  used  in  SACON.  Most  commercial  pigments  used  in  concrete  are  iron 
oxides.  Pigments  made  with  heavy  metals  (especially  nickel  or  chromium  compounds)  should 
be  avoided  due  to  the  possibility  of  leaching  toxic  metals  into  the  local  soil  or  groundwater. 
Pigments  that  contain  carbon  can  be  deleterious  to  the  bubble  structure  of  the  concrete  and 
should  also  be  avoided. 

2.1.2  Reformulated  SACON 

In  1998  (during  the  demonstration),  WES  and  Ballistic  Technology,  Inc.,  developed  an 
innovative  formulation  for  SACON  (ref  14)  designed  to  further  reduce  the  leaching  rate  of  lead 
captured  by  SACON.  The  reformulated  SACON  incorporated  low-solubility  calcium  phosphate 
compounds  interacting  with  the  lead  metal  fragments  to  produce  a  relatively  insoluble  lead 
phosphate  coating.  The  coating  serves  to  isolate  the  lead  fragments  and  greatly  reduces  the 
tendency  of  the  lead  to  dissolve  in  contacting  water  (ref  14).  The  reformulated  SACON  made 
with  calcium  phosphate  compoimds  was  reported  to  be  as  easy  to  manufacture  as  the 
conventional  SACON  with  the  volume  and  cost  of  the  phosphate  compounds  not  appreciably 
increasing  the  cost  of  the  fimshed  bullet- trap  material  (ref  14). 


18 


The  reformulated  SACON  mixture  used  in  this  demonstration  was  prepared  by  adding  tribasic 
calcium  phosphate  in  an  amount  equal  to  0. 1  percent  of  the  mass  of  the  cement  to  the 
components  listed  in  Table  2-1.  The  reformulated  SACON  used  limestone  sand  in  place  of  the 
quartz  sand  used  in  the  original  formulation. 

2.2  Strengths,  Advantages,  and  Weaknesses 

2.2.1  Existing  Technologies. 

2.2. 1.1  Impact  Berms  (Conventional  Technology).  DOD  operates  approximately  1800  small- 
arms  ranges.  Many  of  these  ranges  currently  use  soil  berms  to  terminate  the  flight  of  the  small- 
arms  rounds  (fig.  2-2).  The  maintenance  requirements  to  operate  a  range  using  berms  are 
minimal.  The  maintenance  consists  primarily  of  infi-equently  adding  soil  to  the  berm  for  surface 
repair.  The  total  annual  range  maintenance  costs  for  the  five  25-Meter  Range  berms  at  Fort 
Jackson,  South  Carolina,  are  approximately  $15,000  (ref  22).  The  life  expectancy  of  the  berm  is 
defined  as  the  length  of  time  before  a  soil/bullet  removal  and  remediation  action  is  required.  In 
the  past,  berm  cleanups  were  not  necessitated  by  environmental  requirements.  However,  now  to 
be  in  compliance  with  the  Military  MR,  contaminant  transport  must  be  localized  to  the  range. 
Thus,  future  clean-up  frequencies  will  need  to  be  based  upon  lead  transport  risks  at  individual 
ranges.  There  are  five  principal  parameters  that  contribute  to  assessing  the  overall  risk 
associated  with  lead  migration  from  a  small-arms  range.  These  parameters  are  ammunition  mass 
fired,  corrosion,  aerial  transport  (dust),  surface  water  transport,  and  groimdwater  transport. 

These  parameters  can  be  qualitatively  assessed  using  AEC’s  Range  Evaluation  Software  Tool 
(REST)  (ref  23). 


Figure  2-2.  Small-arms  range  berm. 
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2.2.1.2  Bullet  Traps.  Many  bullet-trapping  options  are  available  for  range  use.  The  Bullet 
Trap  Feasibility  Assessment  (ref  4)  differentiated  the  existing  small-arms  range  bullet  traps  by 
developing  three  categories  referring  to  the  physical  mechanism  utilized  to  stop  bullets.  The 
three  categories  were  deceleration,  impact,  and  fiiction  (ref  4).  Typically,  deceleration  traps  use 
angled  steel  plates  to  deflect  bullets  into  a  helical  chamber  where  bullets  spin  until  they  lose 
velocity  and  drop  into  a  collection  chamber  (fig.  2-3). 


Figure  2-3.  Deceleration  trap. 


Impact  traps  stop  a  bullet  at  its  initial  contact  with  the  trap  material,  which  is  usually  a  steel- 
backed  wooden  box  (not  shown).  Friction  traps  use  a  medium  (such  as  wood,  rubber,  soil, 
plastic,  or  SACON)  to  slow  and  eventually  stop  the  bullet  (fig.  2-4  and  2-5). 


Figure  2-4.  Rubber  block  friction  trap.  Figure  2-5.  Granular  rubber  friction  trap. 
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2.2. 1.3  Advantages.  SACON  has  significant  advantages  over  other  fiiction  trap  materials  such 
as  rubber  blocks,  granular  rubber,  or  wood  in  that  SACON  does  not  bum.  A  mbber  trap  used  on 
an  outdoor  range  is  likely  to  be  damaged  significantly  during  its  life  on  the  range.  Range  impact 
areas  are  generally  maintained  in  a  grassed-over  condition  to  minimize  erosion  and  range  run-off 
(ref  28).  During  hot,  dry  weather,  the  grass  dries  out  and  fires  become  a  potential  problem. 

Range  fires  can  be  caused  by  a  number  of  mechanisms  including  tracer  rounds,  muzzle  flash,  and 
lightning.  Rubber  bullet  traps  on  the  range  are  susceptible  to  consumption  by  the  range  fire. 
Burning  mbber  complicates  fighting  range  fires  by  creating  a  hot,  smoky  fire  that  produces 
complex  hydrocarbons  generally  containing  carcinogens  (ref  28).  Rubber  fires  produce  a  thick, 
black  smoke  visible  for  miles  (fig.  2-6)  and  can  generate  nuisance  complaints  from  neighbors 
and  inquiries  from  the  regulatory  community. 


Figure  2-6.  Rubber  fire. 


SACON  has  significant  advantages  over  deceleration  traps  in  that  no  back-splatter  and  less  lead 
dust  are  created. 

SACON  has  a  number  of  characteristics  that  make  it  valuable  as  a  bullet-trapping  medium  when 
compared  to  traditional  berm  technology.  The  low  permeability  of  SACON  reduces  the  amount 
of  lead  (from  bullet  debris)  that  is  exposed  to  weathering  on  the  range.  The  high  alkalinity  of 
SACON  can  reduce  the  rate  of  lead  corrosion  and  decrease  the  solubility  of  the  lead  corrosion 
products,  thus  lowering  the  amount  of  lead  available  for  migration.  SACON  can  also  be  used  to 
stabilize  areas  typically  mtted  by  bullet  impacts,  such  as  around  target  coffins  or  within  berm 
cavities. 

SACON  does  not  have  to  be  treated  with  any  preservative,  will  not  rot,  and  is  not  subject  to 
attack  by  insects.  SACON  will  not  photodegrade  as  mbber  does  and  contains  no  potentially 
toxic  organic  compounds  that  can  appear  in  water  leaching  from  the  material.  SACON  can  be 
locally  manufactured  and  can  be  camouflaged  with  range  terrain. 
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S  ACON  can  be  crushed  to  reclaim  bullet  debris  and  to  produce  an  aggregate  for  use  in  the 
manufacture  of  additional  SACON  although  the  recycling  will  be  governed  by  economics. 

S  ACON  can  be  manufactured  and  colored  into  shapes  typical  to  ranges.  The  installation  of 
SACON  does  not  require  extensive  site  preparations,  with  SACON  walls  requiring  only  a  level, 

solid  foundation. 

While  debris  removed  from  soil  berm  cavities  has  been  found  to  have  leachable  levels  of  lead 
greater  than  5  ppm,  SACON  debris  when  analyzed  for  leachable  lead  content  was  consistently 
nonhazardous  (less  than  5-ppm  TCLP  lead)  (ref  64).  Debris  samples  taken  from  friction  traps 
constructed  of  media  other  than  SACON  have  consistently  failed  the  TCLP  cntenon  for  a 
characteristic  hazardous  waste  based  on  lead  concentration.  The  hazardous  classification  results 
in  more  expensive  handling  and  disposal  requirements  for  the  range  debris  generated  from  the 
use  of  traps  using  rubber  or  soil  as  the  fiiction  media.  The  reduced  mobility  of  lead  created  by 
SACON  makes  landfilling  of  spent  SACON  a  viable  option. 

2.2. 1.4  Weaknesses.  The  manufacturing  of  SACON  requires  careful  quality  control  to  ensure 
that  the  correct  densities  are  produced  and  that  only  the  proper-size  aggrepte  is  used.  Improper 
manufacturing  has  the  potential  to  create  safety  problems.  Density  is  a  primary  factor  m  the 
materials  performance  as  a  trapping  medium.  SACON  with  densities  or  aggregates  greater  than 
specified  may  create  a  ricochet  hazard. 

At  the  present  time,  the  recycling  of  bullet-trap  media  does  not  appear  to  be  economically 
advantageous.  Discussions  with  the  recycling  industry  indicated  that  the  lead  debris  recovered 
must  contain  greater  than  85-percent  lead  before  the  value  of  the  metal  exceeds  the  recovery  cost 
(ref  32).  The  SACON  debris  removed  from  a  wall  requiring  maintenance  had  total  lead  levels 
ranging  from  8  to  14  percent,  well  below  the  industry-supplied  feasibility  limit.  If  bullet¬ 
trapping  media  were  to  be  recycled,  the  used  material  to  be  recycled  would  have  to  be  stored 
until  a  sufficient  volume  of  material  had  accumulated  to  warrant  a  recycling  operation.  Storing 
the  potentially  hazardous  material  from  SACON  or  from  other  bullet-trapping  devices  creates 
storm  water  management,  material  storage,  and  RCRA  issues  to  be  addressed  by  the  Range 
Manager.  Any  recycling  effort  would  require  the  services  of  a  qualified  waste  disposal 
contractor.  Operations  involving  lead-contaminated  concrete  would  require  an  engineered 
facility  as  the  recycling  operation  itself  produces  a  lead-contaminated  dust  from  crushing  the 
SACON,  creating  the  potential  for  contamination  of  the  recycling  site. 


SACON  barrier  design  improvements  are  needed  to  reduce  handling  requirements  and  improve 
durability.  A  constraint  placed  upon  bullet  barrier  designs  was  man-portability  of  each  barrier 
block  component.  However,  the  SACON  blocks  used  in  this  demonstration  for  the 
25-Meter  Range  application  required  lifts  exceeding  human  factors  lifting  guidelines.  Some  of 
the  SACON  blocks  shaped  to  simulate  logs  or  stumps  on  the  ARF,  AFF,  and  CPQC  Ranges  also 
exceeded  lifting  guidelines.  The  simulated  logs  and  stumps  also  required  more  frequent 
maintenance  than  wood. 
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2.3  Factors  Influencing  Cost  and  Performance 

Several  factors  influence  the  cost  and  performance  of  SACON  bullet  traps.  Cost  can  be 
influenced  by  the  scale  of  manufacture,  configuration  (shape)  of  the  SACON  products, 
installation  on  the  range,  range  throughput  and  bullet-trap  durability,  maintenance  fi-equency, 
maintenance  techniques,  and  waste  recycling  or  disposal  availability.  Performance  can  be 
influenced  by  manufacturing  quality  control,  configuration  of  the  SACON  products,  and 
installation  and  location  of  the  SACON  on  the  range. 

2.3.1  Cost.  The  scale  of  manufacture  will  have  some  influence  on  the  cost  of  the  SACON. 
Contracting  to  fabricate  small  quantities  of  SACON  (10  to  20  cubic  yd)  may  be  difficult  or  more 
expensive.  Although  the  mixing  process  and  components  are  standard  and  readily  available,  the 
quality  control  necessary  to  ensure  that  the  SACON  meets  the  appropriate  density  specification 
may  result  in  vendors  trying  to  charge  a  premium  price  for  the  material.  This  seems  to  be  more 
prevalent  when  small  quantities  are  being  mixed  because  the  profit  potential  is  not  as  great  and 
the  operators  are  not  accustomed  to  maintaining  the  level  of  quality  needed.  When  larger 
quantities  are  being  produced,  quality  control  becomes  a  more  routine  part  of  the  operation  and 
Ae  risk  to  the  contractor  of  producing  off-specification  SACON  is  reduced. 

The  configuration  or  shape  of  the  SACON  being  fabricated  influences  the  cost.  Complicated 
shapes  will  increase  the  mold  fabrication  costs  as  well  as  increasing  the  labor  requirements  for 
demolding  the  SACON.  Also,  complicated  molds  increase  the  time  required  to  manufacture  the 
large  volume  of  SACON  needed  to  outfit  a  range.  Simple  block  molds  and  slabs  that  can  be 
easily  cut  to  the  appropriate  size  allow  for  the  inexpensive  and  quick  production  of  SACON. 

The  method  of  installation  of  SACON  on  the  range  will  influence  the  cost.  SACON  can  be 
employed  for  several  purposes  on  a  small-arms  range.  Each  application  will  require  different 
site  preparation  and  material-handling  requirements.  For  example,  the  use  of  SACON  as  a 
backstop  on  a  25-Meter  Range  requires  leveling  of  the  site  and  stacking  of  the  blocks  to  form  the 
backstops.  This  demonstration  employed  man-portable  blocks;  however,  larger  blocks  moved  by 
forklift  can  be  used  to  accelerate  backstop  assembly  and  reduce  manpower  requirements.  The 
use  of  SACON  on  an  ARF  Range  to  mitigate  impact  area  erosion  in  front  of  and  behind  the 
targets  requires  excavation  to  a  depth  of  6  to  8  inches  deep  to  bury  blocks.  This  excavation  and 
placement  of  the  SACON  can  be  performed  with  heavy  equipment  or  with  manual  labor, 
depending  on  the  accessibility  of  the  site. 

Range  throughput  and  SACON  durability  influence  the  cost  of  maintaming  the  SACON  bullet 
traps  on  a  range.  High  range  throughput  (or  high  number  of  persoimel  using  the  range)  results 
in  a  large  number  of  rounds  being  fired  on  each  firing  position.  For  example,  a  firing  position  on 
a  25-Meter  Range  at  a  basic  training  installation  may  receive  as  much  as  30,000  rounds  per  year. 
Depending  on  the  durabihty  and  thickness  of  the  SACON  backstop,  this  volume  of  rounds  may 
require  three  to  four  maintenance  events  per  year  on  each  backstop.  The  maintenance  will 
involve  removal  of  the  SACON  debris,  classification  of  the  debris  as  a  hazardous  or  a 
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nonhazardous  waste,  disposal/recycling  of  the  SACON  debris,  and  refurbishment  of  the  SACON 
backstops  with  new  SACON  blocks.  Other  range  applications  of  SACON  may  require  more  or 
less  frequent  maintenance  than  that  for  the  25-Meter  Range,  dependmg  on  the  S  ACON’ s 
durability  in  the  specific  application;  however,  the  actions  involved  in  maintaining  the  SACON 
will  be  the  same  as  those  described  for  the  25-Meter  Range. 

Waste  recycling  or  disposal  costs  will  vary  with  the  lead  content  and  hazard  classification  of  the 
debris  removed  from  the  range.  According  to  a  recycling  industry  representative,  a  lead  content 
of  approximately  85  percent  is  needed  before  the  value  of  the  metal  exceeds  the  recovery 
operation  costs.  This  cost  may  be  mitigated  somewhat  by  the  value  of  the  recovered  aggregate 
for  reuse  in  producing  new  SACON;  however,  the  value  of  the  aggregate  is  not  very  high.  The 
required  lead  content  is  also  dependent  upon  the  market  value  of  lead.  As  lead  prices  increase, 
the  content  required  to  make  lead  recovery  economically  viable  will  decrease.  Disposal  costs 
vary  with  the  hazard  classification  of  the  waste.  All  waste  (SACON  debris)  removed  from  the 
ranges  at  Fort  Knox,  Kentucky,  and  USMA  West  Pomt,  New  York,  has  been  classified  as  a  solid 
waste.  No  hazardous  waste  characteristics  were  exhibited;  therefore,  the  higher  handling  and 
disposal  costs  associated  with  handling  hazardous  wastes  were  avoided.  One  oAer  factor  that 
may  influence  either  recycling  or  disposal  costs  is  the  proximity  of  the  installation  to  recycling 
facilities  or  landfills.  Transportation  costs  will  increase  with  a  greater  distance  to  these  facilities. 

2.3.2  Performance.  Manufacturing  quality  control  can  affect  SACON  in  basically  two  wa.ys. 
First,  poor  quality  control  could  result  in  the  production  of  SACON  that  has  a  density  too  high 
for  its  intended  purpose  or  with  greater  than  9.5-mm  coarse  aggregate  or  cement  balls.  These 
conditions  could  result  in  ricochets  that  travel  beyond  a  range’s  established  safety  danger  zone 
(SDZ).  Second,  if  poor  quality  control  results  in  the  production  of  SACON  that  has  a  density  too 
low  for  its  intended  purpose,  then  rapid  wear  will  result  in  increased  maintenance  frequency  and 
cost. 

The  configuration  or  shape  of  the  SACON  products  has  a  significant  effect  on  the  durability  of 
the  material.  Shapes  with  curved  surfaces  were  observed  to  deteriorate  faster  during  use  than 
shapes  with  flat  surfaces.  This  was  found  to  be  true  regardless  of  the  size  of  the  shapes.  This 
increased  rate  of  wear  results  in  increased  maintenance  frequency  and  cost. 

The  installation  and  location  of  SACON  on  the  range  also  affects  its  durability.  Proper  location 
of  the  SACON  on  the  range  is  essential  to  its  performance.  It  must  be  located  such  that  the 
majority  of  the  roimds  fired  impact  at  or  near  its  center  mass.  If  a  significant  volume  of  rounds 
impact  near  the  edges  of  the  SACON,  then  the  durability  of  the  overall  SACON  backstop  will  be 
decreased  due  to  the  increased  rate  of  wear  that  occurs  near  the  edges  of  the  SACON  blocks. 
(Note:  The  increased  wear  rate  observed  on  SACON  shapes  with  curved  surfaces  is  attributed  to 
this  increased  edge  wear.)  Not  only  does  the  proper  location  of  the  SACON  on  the  range  affect 
its  performance,  but  its  size  and  the  method  of  installation  affect  its  durability.  If  a  backstop  is 
too  small,  then  the  edge  effects  previously  discussed  will  accelerate  wear.  Backstop  applications 
require  a  sufficient  mass  to  be  able  to  absorb  rounds  for  a  prolonged  period  of  time.  A  backstop 
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depth  of  4  to  5  feet  is  needed  to  provide  acceptable  durability.  Also,  loosely  stacked  backstops 
will  result  in  accelerated  wear  to  the  blocks  making  up  the  stack.  A  tightly  stacked  backstop  will 
reduce  the  edge  wear  effects  on  the  individual  blocks  in  the  stack  and  provide  a  large  mass  to 
absorb  the  impact  of  the  rounds  for  prolonged  periods  of  time.  The  SACON  blocks  buried  in 
impact  areas  did  not  appear  to  be  significantly  affected  by  block  size  or  depth.  Factors 
influencing  the  cost  and  performance  of  SACON  are  summarized  in  Tables  2-4  and  2-5. 


TABLE  2-4.  FACTORS  INFLUENCING  COST 


Cost  Categories 

Factors  Influencing 
Categories 

Effects  Produced  By  Factors 

Fabrication 

Scale  of  Manufacture 
(Quality  Control) 

Premium  prices  may  be  charged  for 
fabrication  of  small  volumes  of 
SACON. 

SACON  Configuration 

Complicated  molds  increase  cost  and 
fabrication  time. 

Installation 

Range  Application 

Determines  the  type  of  site  preparation 
and  the  accessibility  of  material 
handling  equipment. 

Site  Preparation 

Costs  vary  with  site  preparation 
requirements. 

Material  Handling 

Ability  to  use  material-handling 
equipment  reduces  manpower 
reqiiirements  and  installation 
timeframe. 

Maintenance 

Range  Throughput 

A  high  number  of  personnel  using  the 
range  will  result  in  more  frequent 
maintenance. 

Durability 

Durability  varies  with  range  application 
and  throughput  affecting  maintenance 
frequency  and  range  availability. 

Debris  Removal 

Requires  waste  handling  training  and 
appropriate  personnel  protective 
equipment  (PPE). 

Waste  Classification 

Sampling  and  analysis  are  required  to 
determine  the  waste  handling  and 
disposal  requirements.  Waste 
classification  may  be  dependent  upon 
range  throughput.  Record  keeping 
required. 
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TABLE  2-4  (CONT’D) 


Cost  Categories 

Factors  Influencing 
Categories 

Effects  Produced  By  Factors 

Waste  Handling 

Range  residue  produced  requiring  proper 
handling,  storage,  disposal,  and  record 
keeping.  Volume  of  waste  is 
dependent  upon  range  throu^put. 

Refurbishment 

Ehirability,  throughput,  and  range 

application  dependent.  Generation  of 
replacement  SACON  necessary. 

Recycling/ 

Disposal 

Disposal/Recycling 

Waste  material  characteristics  and 
volume  generated  are  throughput  and 
application  dependent.  Aggregate 
value  and  cost  to  generate  should  be 
compared  to  disposal  fees. 

TABLE  2-5.  FACTORS  INFLUENCING  PERFORMANCE 


Influencing  Factors 

Effects  Produced  By  Factors 

Quality  Control 

Densities  off  specification  will  affect 
durability  and  possibly  SDZs  for  the 
ranges. 

SACON  Shape 

The  mass  and  shape  of  the  SACON 
barriers  affect  durability  and 
containment  performance. 

Range  Application 

The  dispersion  of  the  shots  affects 
durability  and  containment 
performance. 

Site  Preparation 

Affects  the  stability  of  the  barriers  and 
subsequently  durability  and 
containment  performance. 

Installation  Method 

The  tighmess  of  the  stack  affects  the 
durability  of  the  barrier. 

Range  Throughput 

The  number  of  rounds  fired  affects 
maintenance  frequency. 
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3.  Site/Facility  Description 


3.1  Background 

The  field  test  sites  were  selected  to  provide  both  operational  data  and  detailed  performance  data. 
User  input  was  gained  through  the  application  and  use  of  S  AGON  on  training  ranges  located  at 
USMA  West  Point,  New  York,  and  Fort  Knox,  Kentucky.  These  two  sites  were  selected  jointly 
by  AEG  and  the  U.S.  Army  Training  Support  Genter  (ATSG)  (location).  The  range  site 
selections  were  made  based  upon  willingness  to  provide  data  collection  support  for  the 
demonstration,  existence  of  applicable  small-arms  range  types,  target  receive  rates,  and  training 
schedules. 

A  total  of  four  demonstration  sites  were  selected.  Two  training  range  sites  pledged  the  support 
of  installation  personnel  to  conduct  data  collection  activities  such  as  recording  range  utilization 
parameters  and  taking  depth-of-penetration  measurements.  USMA  West  Point,  New  York, 
agreed  to  the  placement  of  SAGON  on  both  25-Meter  and  ARF  Ranges  and  to  the  collection  of 
debris  samples.  Fort  Knox,  Kentucky,  allowed  SAGON  to  be  placed  on  25-Meter,  AFF,  ARF, 
and  GPQG  Ranges.  All  of  the  ranges  are  actively  used  and  were  categorized  as  high-target- 
receive-rate  ranges.  A  range  with  a  high  target-receive  rate  was  estimated  to  have  in  excess  of 
20,000  to  30,000  rounds  fired  firom  each  individual  firing  point  per  year  (ref  33).  The  training 
schedule  at  Fort  Knox  was  expected  to  be  heavier  than  at  the  USMA  West  Point  site. 
Historically,  Fort  Knox’s  Range  Division  had  reported  the  expenditure  of 4,647,256  Ml 6  rounds 
in  FY96  (ref  34).  USMA  West  Point  was  expected  to  have  a  lower  ammunition  expenditure  rate 
and  a  training  schedule  that  was  impacted  by  winter  weather.  A  monthly  usage  rate  of 
7000  rounds  per  25-Meter  Range  firing  lane  was  anticipated  and  necessary  for  the  success  of  the 
durability  portion  of  the  demonstration.  Unfortunately,  the  range  usage  rates  were  less  than 
expected,  with  a  demonstrated  rate  of  5000  to  8000  rounds  per  firing  lane. 

Initially,  the  manufacture  and  recycling  of  SAGON  were  to  be  performed  at  Fort  Kinox. 
However,  the  manufacture  and  recycling  of  SAGON  were  conducted  at  WES  because  of  the 
small  volume  of  material  needed  for  the  demonstration. 

Accelerated  durability,  simulated  leaching,  and  ricochet  tests  were  conducted  at  ATG.  The 
accelerated  durability  testing  was  necessitated  since  the  field  data  collection  methodology  was 
inadequate  in  design  to  accurately  produce  a  depth-of-penetration  versus  rounds  fired  analysis. 
Also,  during  the  field  demonstration  period,  the  volume  of  roxinds  fired  was  much  lower  than 
expected.  ATG  was  selected  because  of  their  abilities  to  conduct  advanced  technology  and  early 
operational  testing  projects. 
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4.  Demonstration  Approach 


4.1  Performance  Objectives 

The  demonstration  was  designed  to  identify  and  verify  the  economic,  operational,  and 
environmental  performance  data  that  will  be  used  to  transfer  this  technology  to  potential  users. 
Six  major  factors  are  being  evaluated:  performance,  life-cycle  costs,  safety,  logistics,  training 
realism,  and  recyclability  (ref  10).  Table  4-1  outlines  the  objectives  to  be  addressed  during  this 
demonstration.  Figure  4-2  identifies  the  demonstration  locations  from  which  the  various  data 
elements  were  generated.  The  evaluation  criteria  are  presented  in  Table  4-2. 

Field  demonstration  activities  were  conducted  at  USMA  West  Point  from  April  through 
November  1997  and  at  Fort  Knox  from  March  1997  through  January  1998  (fig.  4-1).  The 
recycling  operation  was  conducted  in  October  1997.  Accelerated  durability  and  ricochet  tests 
were  conducted  at  ATC  in  March  1998. 


Figure  4-1.  Training  -  25 -Meter  Range. 
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TABLE  4-1.  OBJECTIVES 


Objective  1.0  Assess  the  performance  of  SACON  bullet  traps  on  small-arms  firing  ranges. 

Objective  1 . 1  Assess  the  number  of  rounds  not  retained  by  the  SACON  bullet  traps. 

Objective  1 .2  Determine  if  debris  is  RCRA  hazardous  waste  based  on  toxicity  characteristics. 
Objective  1 .3  Assess  the  effect  on  impact  erosion  of  SACON  bullet  traps. 

Objective  1 .4  Assess  the  effect  of  SACON  on  target  protection. 

Objective  2.0  Determine  the  life-cycle  costs  associated  with  using  SACON  bullet  traps. 

Objective  2. 1  Determine  the  nonrecurring  costs  associated  with  SACON  bullet  traps. 
Objective  2.2  Determine  the  recurring  costs  associated  with  SACON  bullet  traps. 

Objective  3.0  Assess  selected  safety  issues  related  to  using  SACON  bullet  traps. 

Objective  3. 1  Determine  if  SACON  bullet  traps  produce  ricochets. 

Objective  3.2  Assess  personnel  safety  dxiring  SACON  barrier  installation  and  maintenance. 

Objective  4.0  Assess  selected  logistical  issues  associated  with  SACON. 

Obj  ective  4. 1  Assess  the  maintainability  of  the  SACON  bullet  traps. 

Objective  4.2  Assess  the  durability  of  the  SACON  bullet  traps. 

Objective  5.0  Assess  the  impact  of  SACON  bullet  traps  on  training  realism. 

Objective  5.1  Assess  the  distraction  to  the  shooter  caused  by  the  SACON  bullet  traps. 
Objective  5.2  Assess  the  down-range  visibility  impact  caused  by  SACON. 

Objective  5.3  Assess  the  ability  of  the  SACON  to  conceal  target  location. 

Objective  6.0  Assess  the  performance,  costs,  and  safety  aspects  of  recycling  SACON. 

Objective  6. 1  Determine  the  ability  to  remove  steel  penetrators  and/or  steel  fibere. 

Objective  6.2  Determine  the  ability  to  reduce  toxicity  characteristics. 

Objective  6.3  Determine  the  ability  to  contain  and  control  lead. 

Objective  6.4  Determine  if  the  waste  material  generated  is  a  hazardous  waste. 

Objective  6.5  Determine  the  ability  to  generate  a  usable  fine  aggregate. 

Objective  6.6  Determine  the  ability  to  produce  SACON  conforming  to  specifications. 
Objective  6.7  Determine  the  nonrecurring  (capital)  cost  associated  with  recycling. 

Objective  6.8  Determine  the  recurring  cost  associated  with  SACON  recycling. 

Objective  6.9  Assess  personnel  safety  during  the  SACON  recycling  demonstration. 

Objective  6.10  Determine  the  adequacy  of  personnel  protective  equipment  (PPE). _ 
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Figure  4-2.  Objectives  versus  primary  data  collection  locations. 


TABLE  4-2.  TEST  CRITERIA 


Objective 


Description 


Criteria 


1.0  Performance 


1.1 


Bullet  containment  efficiency 


98% 


1.2 


Characterization  of  waste  products 


<5  ppm  teachable  lead 


1.3 


Reduction  of  impact  erosion 


None 


1.4 


Adequacy  of  target  protection 


None 


2.0  Costs 


2.1 


Nonrecurring  costs 


None 


2.2 


Recrnring  costs 


None 


3.1 


3.0  Safety 


Ricochet  hazard 


AR  385-64 
OSHA  29  CFR  1910 


3.2 


Eiuring  installation  and  maintenance 


4.0  Logistics 


4.1 


Maintainability 


None 


4.2 


Durability 


None 


5.0  Training  Realism 


5.1 


Distraction 


None 


5.2 


Visibility  impact 


None 


5.3 


Ability  to  conceal 


None 
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TABLE  4-2  (CONT'D) 


1  Objective 

Description 

Criteria 

6.0  Recycling  | 

6.1 

Steel  removal  efficiency 

>95%  removal 

6.2 

Reduction  of  toxicity  characteristics 

<5  ppm  leachable  lead 

6.3 

Containment  and  control  of  lead 

<200  ppb  per  square 
foot  accumulation 

6.4 

Characterization  of  waste  products 

<5  ppm  leachable 

6.5 

Production  of  usable  fine  aggregate 

Meets  specification 

6.6 

Physical  characteristics 

<5%  deviation 

6.7 

Nonrecurring  costs 

None 

6.8 

Recurring  costs 

None 

6.9 

Personnel  safety  during  recycling 

OSHA  29  CFR  1910 

6.10 

Personal  protective  equipment 

OSHA  29  CFR  1910 

ppm  =  Parts  per  million, 
ppb  =  Parts  per  billion. 


4.2  Physical  Setup  and  Operation 

4.2.1  Manufacturing  SACON 

4.2.1. 1  Material  Quality  Control  Requirements  for  SACON  (ref  12).  SACON  is 
manufactured  by  combining  cement,  water,  sand,  fiber,  and  foam  in  the  absence  of  coarse 
aggregate.  In  specifying  handling  procedures  for  aggregate  in  SACON,  it  is  necessary  to  require 
that  the  materials  be  stored  in  areas  where  coarse  aggregate  cannot  be  accidentally  mixed  into  the 
aggregate  to  be  used  in  making  SACON.  Further,  it  is  important  to  require  that  any  mixer  be 
completely  emptied  and  inspected  to  assure  that  coarse  aggregate  is  not  inadvertently  mixed  into 
the  concrete  (fig.  4-3).  Because  there  is  no  coarse  aggregate  in  SACON  mixtures,  it  is  necessary 
to  add  fibers  in  a  loose  form  in  small  quantities  to  the  mixer  to  ensure  uniform  mixing  in  the 
SACON.  Producing  SACON  using  fresh  cement  that  is  stored  in  bulk  enhances  quality  control. 
Bagged  cement  often  has  a  bag  set  which  can  produce  an  unacceptable  number  of  hard  lumps  or 
cement  balls.  With  no  coarse  aggregate  in  the  mixture,  these  balls  are  not  easily  broken  up.  As 
with  aggregate  particles,  cement  balls  that  are  larger  than  9.5  mm  in  diameter  can  potentially 
produce  ricochets  if  struck  by  an  incoming  round. 

4.2.1.2  Mixing,  Placing,  and  Curing  SACON  (ref  12).  SACON  is  prepared  like  any  other 
cellular  concrete.  The  rotary  drum  action  of  a  transit  mix  truck  (fig.  4-4)  works  well  for  grout 
(sand/cement/water)  mixtures  that  have  densities  greater  than  800  kg/m^  (50  Ib/ft  ). 
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Figiire  4-4.  Mixing  SACON. 
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A  number  of  specialty  mixers  designed  for  mixing  cellular  concrete  for  roof  deck  applications 
may  also  be  used  in  preparing  SACON.  These  units  have  the  advantage  of  being  easily  portable 
and  capable  of  mixing  both  large  and  small  volumes  of  cellular  concrete.  Mixers  designed  for 
roof  deck  application  are  generally  equipped  with  a  pump  (usually  a  progressive  cavity  pump) 
that  is  used  to  convey  the  fresh  concrete  to  the  formwork. 

Cellular  concretes  will  generally  increase  in  density  when  moved  with  a  pump.  As  the  mixture  is 
pumped,  density  measurements  should  be  made  at  the  point  of  placement  for  quality  control 
purposes.  The  mixture  may  have  to  be  adjusted  to  account  for  pumping  distances  and  special 
application  conditions.  Variations  in  density  should  be  kept  under  3  percent. 

When  SACON  is  placed,  it  will  typically  flow  to  fill  the  formwork  (fig.  4-5).  Placement  should 
be  planned  so  that  no  lift  of  SACON  is  more  than  1  meter  (3.3  ft)  thick.  If  segregation  of  the 
fibers  is  observed,  placement  should  be  suspended  until  a  uniform  mixture  can  be  obtained  from 
the  mixer. 


Figure  4-5.  Pouring  SACON. 


Only  minimum  consolidation  is  required  to  remove  any  large  air  bubbles  trapped  in  the  mixture. 
Tapping  the  sides  of  the  formwork  with  a  rubber  mallet  is,  in  general,  sufficient  to  release 
unwanted  air.  All  formwork  used  with  SACON  must  be  made  watertight  because  of  the  fluid 
nature  of  the  mixture.  No  form-release  compounds  should  be  used  on  the  formwork  because  of  a 
potentially  deleterious  effect  of  the  compounds  on  the  foam. 
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The  self-leveling  characteristics  of  S ACON  allow  a  level  surface  to  be  produced  on  the  placed 
concrete  using  a  screed,  as  would  be  done  with  conventional  high-fiber-content  concrete. 

S  ACON  does  not  generally  develop  a  bleed-water  sheen,  and  finishing  can  proceed  as  soon  as  a 
level  surface  is  produced. 

The  best  SACON  surface  finish  is  developed  by  the  smooth  surfaces  of  the  formwork. 

Producing  a  smooth  finish  on  the  exposed  surface  of  SACON  is  difficult  because  of  the  low 
density  of  the  concrete  and  the  high  fiber  content.  If  an  unformed  surface  must  be  smooth,  the 
best  practice  is  to  grind  the  surface  flat  after  the  concrete  has  cured. 

4.2.2  Range  Setup 

Electricity  is  not  required  to  install  or  operate  SACON  bullet  traps.  During  site  preparation,  care 
should  be  taken  to  locate  and  avoid  electrical  and  other  utilities  on  the  range.  Site  preparation 
requirements  for  a  25-Meter  Range  application  are  limited  to  a  hard,  relatively  level  surface  upon 
which  to  place  the  SACON  walls.  Excavation  is  required  to  protect  target  coffins  on  the  ARE, 
AFF,  and  CPQC  ranges.  Caution  should  be  taken  in  disturbing  range  soils  to  ensure  unexploded 
ordnance  and  industrial  hygiene  issues  have  been  evaluated  prior  to  digging.  Disturbing  the 
current  range  soils  may  warrant  the  wearing  of  PPE  to  mitigate  exposure  to  lead  in  the  soil 
(ref  9). 

4.2.2.1  USMA  West  Point  Range  3.  Range  3  serves  as  the  25-Meter  Range  for  USMA  West 
Point.  Range  3  is  located  along  Route  293,  west  of  West  Point  near  Long  Pond.  The  range  is 
oriented  so  that  the  direction  of  fire  is  into  the  side  of  Listuring  Hill. 

Range  3  was  used  to  develop  performance,  costs,  safety,  logistics,  and  training  realism  data.  The 
installation  of  90-lb/tf  SACON  on  this  range  occurred  on  8  through  10  April  1997  and  was 
conducted  by  a  team  of  USMA  West  Point  and  WES  personnel.  Because  of  rocky  soil 
conditions,  it  took  several  hours  to  prepare  the  site  using  a  fi-ont-end  loader  (fig.  4-6  and  4-7) 

(ref  35). 
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Figure  4-6.  Site  preparation. 


Figure  4-7.  Plywood  base  for  walls. 


SACON  block  barriers  were  installed  on  four  of  the  range’s  firing  lanes.  The  barrier  walls  were 
constructed  using  interlocking,  I-shaped  SACON  blocks.  The  bamer  walls  were  built  by 
stacking  blocks  immediately  behind  the  target  racks.  The  dimensions  of  a  finished  SACON  wall 
were  approximately  8  feet  wide  by  4  feet  high  by  5  feet  deep  (fig.  4-9).  The  blocks  were  stacked 
four  columns  wide  by  eight  or  nine  rows  high  by  two  columns  deep.  Plywood  spacers  (1-2/3  in.) 
were  placed  under  one  full  block  in  each  of  the  four  columns  to  offset  the  block  edges  (fig.  4-8). 
The  block  edges  were  offset  to  eliminate  any  continuous  seam  through  the  wall.  Each 
eight-row-high  wall  was  made  using  a  total  of  48  full  blocks  (32  in.  long  by  24  in.  wide  by 
6  in.  high)  and  32  half-blocks  (16  in.  long  by  24  in.  wide  by  6  in.  high).  The  nine  block  walls 
consisted  of  54  full  and  36  half-blocks.  The  I-shaped  blocks  were  21  inches  wide  as  measured  at 
the  center  of  the  I.  Two  of  the  SACON  barriers  (firing  points  No.  17  and  18)  were  constructed 
from  SACON  containing  polypropylene  fibers  and  the  other  two  (firing  points  No.  19  and  20) 
from  SACON  containing  steel  fibers.  The  walls  at  firing  points  No.  17  and  19  were  enclosed  by 
temporary  structures  (fig.  4-10).  The  structures  were  intended  to  keep  the  SACON  debris  dry  to 
facilitate  the  bullet  containment  assessment. 
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Figure  4-8.  SACON  wall  construction  using  spacers. 


Figure  4-9.  SACON  wall  on  USMA  West  Point  25-Meter  Range. 


Figure  4- 1 0.  USMA  West  Point  firing  point  temporary  structures. 


4.2.2.2  USMA  West  Point  Range  5  "Normandy".  Range  5  is  the  automated  record-fire  range 
for  USMA  West  Point.  Range  5  is  located  along  Route  293,  west  of  West  Point  near  Long  Pond. 
The  range  is  oriented  so  that  the  direction  of  fire  is  into  the  side  of  Listuring  Hill  (fig.  4-11). 


F igure  4-11.  Listuring  Hill. 
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USMAWest  Point  cadets  were  responsible  for  the  range  layout  and  installation  of  90-lb/ft 
SACON  on  Range  5.  The  cadets  surveyed  the  range  to  determine  target  positions  and  impact 
locations  relative  to  shooting  positions.  These  data  were  then  plotted  to  determine  a  typical 
dispersion  of  bullet  impacts  aroimd  a  given  target.  Given  the  bullet  trajectories,  SACON 
elements  were  sized  and  designed  to  maximize  bullet  capture  and  minimize  ricochet  potential 
(ref  36). 

SACON  was  installed  on  Range  5  by  the  USMA  West  Point  project  team.  The  project  team 
scheduled  range  time  for  emplacement  and  test  firing  of  the  SACON  blocks.  The  team  had 
difficulty  in  arranging  for  labor  and  equipment  necessary  for  the  installation,  illustrating  the 
necessity  of  keeping  range  maintenance  requirements  to  a  minimum. 

On  27  April  1997,  a  crew  of  about  18  cadets  worked  for  8  hours  installing  SACON.  Equipment 
used  included  three  3/4-ton  trucks,  one  multipurpose  tractor  with  a  bucket,  and  an  assortment  of 
hand  tools.  Construction  activities  included  loading  blocks  onto  the  trucks,  moving  the  SACON 
blocks  to  their  planned  locations,  excavating  the  existing  wooden  railroad  ties,  and  preparing  the 
ground  for  the  new  SACON  blocks  (fig.  4-13).  A  trough  behind  the  lane  No.  10  50-meter  target 
position  was  excavated  in  preparation  for  installing  the  SACON  (fig.  4-12). 


Figure  4- 12.  Digging  troughs  to  bury  SACON. 


38 


Figure  4-13.  S  ACON  blocks  protecting  target  coffin. 


Two  additional  walls  were  set  up,  behind  the  lane  No.  2  300-meter  target  and  on  the  lane  No.  6 
250-meter  target.  Workers  placed  SACON  cylinders  and  blocks  on  the  troughs  of  the  lane  No.  9 
50-meter  targets  (fig.  4-14).  These  cylinders  and  blocks  were  arranged  so  that  most  of  the  bullets 
would  hit  their  vertical  face. 


The  problems  that  arose  during  installation  involved  issues  of  tools  and  time.  The  large  2-  by 
2-  by  2-foot  blocks  of  SACON  were  to  be  made  to  look  like  rocks  but  the  necessary  equipment 
to  shape  the  blocks  was  not  available.  An  attempt  was  made  to  shape  them  by  using  picks  and 
shovels.  Another  delay  resulted  from  a  high  water  table.  Water  accumulated  in  trenches  that 
were  only  1 8  inches  in  depth.  Water  problems  slowed  down  the  digging  and  prevented 
completion  within  8  hours.  A  four-cadet  crew  required  an  additional  16  hours  to  complete  the 
emplacement. 

4.2.2.3  Fort  Knox  Canby  Hill.  The  Canby  Hill  Range  serves  as  a  25-Meter  Range  at  Fort 
Knox.  The  Fort  Knox  25-Meter  Range  was  used  to  generate  data  to  support  safety,  logistics,  and 
training  realism  assessments. 

On  26  through  28  March  1997,  a  team  of  five  persons  installed  two  SACON  walls  in 
approximately  5  hours  (ref  35).  Approximately  3  of  the  5  hours  was  spent  leveling  the  site  for 
placement  of  the  SACON.  Stacking  operations  were  performed  using  a  four-person  team  to 
move  the  blocks:  one  person  at  each  comer  of  the  blocks.  The  participants  became  fatigued 
during  the  installation  due  to  the  weight  of  the  blocks  (greater  than  200  pounds). 

SACON  block  walls  were  installed  on  firing  lanes  identified  as  No.  56  and  57  (fig.  4-15).  The 
dimensions  and  configuration  of  the  blocks  and  the  resulting  walls  were  the  same  as  described  in 
the  West  Point  25-Meter  Range  section.  Both  walls  were  exposed  to  the  weather.  The  barrier  on 
firing  lane  No.  57  was  constmcted  using  SACON  containing  steel  fibers  while  the  barrier  on 
firing  lane  No.  56  was  constmcted  using  SACON  containing  polypropylene  fibers. 


4.2.2.4  Fort  Knox  Ditto  Range.  The  Ditto  Range  is  an  ARF  Range.  On  17  June  1997,  a  total 
of  13  SACON  emplacements  (7  target  berms  (fig.  4-16)  and  6  backstops  (fig.  4-17  and  4-18)) 
were  installed  on  firing  lane  No.  10  (ref  37).  Nine  to  ten  SACON  blocks  (30-  by  10-  by  6.5-in.) 
were  installed  to  create  each  target  berm.  A  combination  of  SACON  blocks  and  SACON 
cylinders  (either  8  or  12  in.  in  diameter)  was  used  to  make  target  backstops.  The  berms  were 
installed  to  reduce  erosion  of  the  soil  from  the  dirt  mounds  in  front  of  the  target  coffins  and  to 
capture  shots  that  went  over  or  through  the  target. 


Figure  4- 1 7.  SACON  backstop  (block  wall,  Ditto  Range,  50-meter  right  target, 
26  June  1997). 
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A  front-end  loader  and  all-terrain  vehicle  were  used  to  move  the  SACON  block  to  the  various 
emplacement  locations.  A  work  crew  of  four  individuals  was  used  to  prepare  the  site  and  install 
the  SACON  items.  Site  preparation  and  installation  times  for  the  target  berms  varied  from  15  to 
20  minutes  for  each  operation.  There  was  little  site  preparation  required  for  the  backstops. 
Overall,  the  13  SACON  emplacements  were  completed  in  9  hours. 

4.2.2.5  Fort  Knox  Morgan  Range.  The  Morgan  Range  is  an  AFF  Range.  On  16  June  1997,  a 
total  of  seven  SACON  emplacements  (three  target  berms  and  four  backstops)  (fig.  4-19)  were 
installed  on  firing  lane  No.  15  of  the  Morgan  Range  (ref  37).  Polypropylene-fiber  SACON 
blocks  (30-  by  10-  by  6.5-in.)  were  installed  on  the  target  berms,  and  steel  and  polypropylene- 
fiber  cylinders  (either  8  or  12  in.  in  diameter)  were  used  as  target  backstops  (fig.  4-20).  On  the 
75-,  175-,  and  300-meter  target  berms,  the  numbers  of  SACON  block  ties  installed  were  32,  22, 
and  43,  respectively. 


Figure  4-19.  SACON  buried  in  berm  in  front  of  target  coffin,  Morgan  Range. 
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Figure  4-20.  SACON  simulated  log  backstop  after  firing,  Morgan  Range. 


A  truck  was  used  to  stage  the  SACON  block  into  position  on  the  range.  On  the  average,  a  work 
crew  of  four  individuals  was  used  to  prepare  the  site  and  install  the  SACON  items.  Depending 
on  the  SACON  emplacement,  site  preparation  and  installation  times  for  the  target  berms  varied 
from  85  to  185  minutes.  There  was  little  site  preparation  required  for  the  backstops.  In  all  cases, 
no  more  than  30  minutes  were  needed  to  install  each  SACON  log  backstop.  Overall,  the  seven 
SACON  emplacements  were  completed  in  7  hours. 

4.2.2.6  Fort  Knox  Fraser  Range.  Fraser  Range  is  a  CPQC-type  range.  On  25  June  1998,  a 
total  of  1 1  polypropylene-fiber  SACON  emplacements  were  installed  on  firing  lane  No.  7 
(fig.  4-24)  (ref  37).  The  SACON  items  were  either  18-  by  18-  by  6.5-inch  or  30-  by  10-  by 
6.5-inch  blocks.  The  blocks  were  installed  on  the  seven  target  berms  (fig.  4-21)  and  behind  four 
target  positions  as  backstops  (fig.  4-22  and  4-23). 
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Figure  4-22.  Camouflaged  SACON  railroad  ties  protecting  target  coffin. 
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.  Camouflaged  SACON  backstop. 


t  all  SACON  emplacements  by  hand.  Because  of  the  target 
imd  electrical  power,  it  was  not  practical  to  use  heavy 
in  bucket  loader  and  an  all-terrain  vehicle  were  used  on  a 
ige  the  SACON  items.  Site  preparation  and  SACON 
3  minutes.  Overall,  the  1 1  SACON  emplacements  were 


Figure  4-24.  Fraser  Range  overview  -  before  SACON. 


4.2.2.7  ATC  Michaelsville  Range  22.  Michaelsville  Range  22  is  an  ATC  range  used  for 
testing  small-arms  weapons  and  ammxmition.  Michaelsville  Range  22  was  set  up  to  simulate  a 
25-Meter  Range  for  an  accelerated  SACON  durability  test  with  an  accelerated  firing  rate 
(ref  10).  The  accelerated  durability  test  produced  performance,  cost,  safety,  and  logistics  data. 
The  installation  of  three  SACON  walls  was  completed  in  6  hours.  The  installation  team 
consisted  of  six  persons  and  utilized  a  forklift  in  placing  the  blocks.  Two  members  of  the  team 
manipulated  the  blocks  from  the  forklift. 

Three  separate  block  walls  were  built  on  this  range,  using  three  SACON  variants:  recycled, 
reformulated,  and  large  block  (fig.  4-25).  Comparisons  were  made  between  the  performance  of 
recycled  SACON  and  that  of  reformulated  SACON.  Comparisons  were  also  made  between  the 
I-shaped  SACON  block  and  a  larger  cube  shape. 
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Figure  4-25.  ATC  test  walls. 


The  first  wall  (recycled  block)  consisted  of  I-shaped  blocks  of  recycled  SACON.  The  wall  was 
constructed  upon  an  asphalt  surface  with  the  blocks  placed  on  eight  pallets  configured  two  high, 
two  wide,  and  two  deep.  The  recycled  block  wall  was  made  using  a  total  of  32  full  blocks  and 
32  half-blocks.  The  blocks  were  stacked  three  columns  wide  by  eight  rows  high  by  two  columns 
deep.  Plywood  spacers  were  placed  under  one  full  block  in  each  of  the  three  columns  to  offset 
the  block  edges.  The  elimination  of  block  edges  was  done  to  prevent  a  continuous  edge  path 
through  the  wall  depth.  The  second  wall  (reformulated  block)  contained  the  same  number  of 
blocks  and  was  constructed  in  the  same  manner  as  the  recycled  block  wall.  The  third  wall  (large 
reformulated  block)  was  made  from  two  reformulated  SACON  cubes  with  a  nominal 
measurement  of  24  inches  on  a  side.  Each  cube  was  placed  upon  a  stack  consisting  of  a  pallet 
and  12  I-shaped  SACON  blocks  (two  colunms  wide,  two  columns  deep,  and  three  rows  high). 
The  bottom  of  the  cubes  was  raised  to  a  height  of  24-1/2  inches  to  develop  a  90°  angle  between 
the  line-of-fire  and  the  wall  face  (fig.  4-26). 
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Figure  4-26.  Large  block. 


4.2.2.8  ATC  Trench  Warfare  Range.  ATC’s  Trench  Warfare  Range  is  an  instrumented  range 
used  for  fire  control  and  ammunition  testing.  The  range  was  utilized  to  collect  ricochet  data 
necessary  for  the  development  of  an  SDZ.  Instrumented  testing  was  conducted  by  firing 
5.56-mm  (M855  and  M193),  9-mm  (M882),  and  .45-caliber  (M191 1)  at  SACON  from  several 
“flat”  angles.  The  impact  and  exit  angles  and  velocities  as  well  as  ricochet  distances  were 
recorded  (ref  10). 

4.2.2.9  WES  Facility.  WES  produced  the  SACON  and  the  recycled  SACON  used  in  the 
demonstration  at  their  Concrete  Structures  Laboratory  in  Vicksburg,  Mississippi.  Costs 
associated  with  the  manufacture  and  recycling  of  SACON  were  assessed  based  upon  this 
production.  Manufacturing  and  recycling  operational  descriptions  are  provided  in  Sections  4.2.1 
and  4.2.3. 

4.2.3  Range  Operation 

Normal  training  operations  were  conducted  at  Fort  Knox  and  USMA  West  Point  during  the 
demonstration  period.  An  accelerated  firing  schedule  was  utilized  at  ATC. 

4.2.4  Recycling  Operations 

4.2.4.1  Overview.  A  recycling  operation  was  conducted  to  generate  data  to  evaluate  the  WES 
SACON  recycling  process  and  the  end  product.  The  recycling  operation  produced  new  SACON 
barrier  blocks  from  used  blocks  that  contained  bullets  and  bullet  fragments.  WES  developed  the 
unit  processes  required  for  recycling  SACON  in  a  fashion  to  minimize  special  equipment  and 
labor  requirements  and  to  provide  adequate  safety  precautions  for  the  conduct  of  recycling 
operations. 

The  recycling  demonstration  was  designed  to  develop  approximately  5,000  pounds  of  fine 
aggregate  (sand)  that  could  be  reused  in  the  formulation  of  recycled  blocks.  The  aggregate  was 
combined  with  fresh  cement,  foam,  stabilizer,  water,  and  fiber  to  form  approximately 
10,000  pounds  of  new  SACON.  WES  conducted  the  recycling  demonstration  at  its  Vicksburg 
facility  using  WES-owned  and  -operated  equipment. 
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4.2.4.2  Description  of  Recycling  Unit  Processes  and  Operations  (ref  10). 

4.2.4.2.1  Sorting.  For  the  purpose  of  this  initial  processing  of  SACON,  blocks  known  to 
contain  bullet  fragments  were  separated  from  blocks  that  had  no  bullet  fragments.  (Note: 
Typically,  only  blocks  containing  bullet  fragments  would  be  recycled;  however,  an  adequate 
volume  of  lead-contaminated  blocks  was  not  available  to  provide  the  volume  of  fine  aggregate 
desired  for  casting  the  reformulated  SACON  blocks.  Because  of  this,  uncontaminated  blocks 
were  crushed  to  generate  the  desired  volume  of  aggregate.  The  crushing,  separating,  and  sieving 
processes  for  the  contaminated  blocks  were  conducted  separately  from  those  for  the 
uncontaminated  blocks.  Sorting  was  performed  only  for  this  purpose  and  was  not  considered  to 
be  a  routine  step  in  the  recycling  process.)  Sorting  was  done  by  visually  inspecting  blocks  for 
bullet  damage.  Undamaged  blocks  were  palletized  and  stacked  (fig.  4-28).  Fractured  material 
was  collected  in  open-topped  200-liter  steel  drums  with  clamp-style  lids  (fig.  4-27).  SACON 
used  in  this  demonstration  included  both  the  steel-fiber-reinforced  and  the  polypropylene-fiber- 
reinforced  material.  A  variety  of  pigmented  and  unpigmented  samples  were  processed  together. 


Figure  4-27.  Sorted,  used  SACON  blocks. 


Figure  4-28.  Palletized  SACON. 


4.2.4.2.2  Storage  and  transportation.  SACON  blocks  that  were  exposed  to  live  fire  were 
fragmented  and  required  storage  in  containers.  Open-topped  steel  drums  equipped  with  lids  and 
clamped  hoops  were  the  most  secure  methods  of  storage  (fig.  4-27).  SACON  blocks  that  had 
not  been  involved  in  testing  were  intact  and  could  be  labeled  and  palletized  (fig.  4-29). 
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Figure  4-29.  Transporting  SACON. 


4.2.4.2.3  Breaking.  A  portion  of  the  SACON  blocks  recycled  was  in  the  form  of  large  block 
ffa^ents.  The  SACON  blocks  had  to  be  reduced  to  fragments  approximately  6  inches  in  size  to 
be  acceptable  for  crushing  operations.  Fragments  with  lengths  greater  than  6  inches  were 
difficult  to  crush  in  the  next  unit  process.  The  blocks  were  reduced  to  the  6-inch  size  using  a 
jackhammer  (fig.  4-30). 


Figure  4-30.  Breaking  SACON. 
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Figure  4-31.  PPE. 


Figure  4-32.  PPE. 

4.2.4.2.4  Crushing.  Crushing  was  performed  by  passing  a  steel-wheeled  paving  roller  over 
SACON  fragments  that  were  placed  in  plastic-lined  fabric  bags  (fig.  4-33).  Plastic  (6-mil 
polyethylene)  sheeting  was  placed  within  the  bags  to  prevent  the  release  of  dust.  The  bags  were 
placed  over  a  5-  by  15-meter  concrete  slab.  Two  wooden  ramps  made  from  4-  by  4-inch  lumber 
were  used  to  place  the  roller  on  the  bags.  The  steel  roller  made  enough  passes  over  the  bags  to 
reduce  the  used  concrete  (fig.  4-34)  to  fragments  smaller  than  9  mm  (fig.  4-35). 
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Figure  4-34.  Before  crushing.  Figure  4-35.  After  crushing. 


Prior  to  performing  crushing  operations,  WES  tested  the  crushing  area  to  determine  the 
background  content  for  lead.  The  WES  repeated  this  testing  after  the  crushing  of  the 
contaminated  SACON  was  completed  and  the  area  had  been  cleaned.  WES  monitored  air 
quality  during  the  crushing  processes.  Air  samples  were  taken  of  the  general  area  and  from  the 
worker’s  breathing  zone.  The  samples  were  analyzed  for  particulate  and  lead  dust 
concentrations. 

WES  collected  a  composite  sample  of  the  crushed,  contaminated  SACON  for  total  metals  (lead) 
and  TCLP  analysis.  This  established  a  baseline  for  assessing  metals  removal  efficiency. 
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The  crushed  material  was  transported  to  the  separation  process  in  the  bags.  After  the  crushed 
material  was  removed  from  the  fabric  cover,  the  fabric  cover  (or  bags)  was  sampled  for  lead  and 
TCLP  and  disposed  of  as  required  by  the  analysis  results. 

4.2.4.2.5  Magnetic  separation.  Steel  fragments  introduced  by  the  use  of  steel  fibers  and  from 
the  M855’s  penetrators  were  collected  magnetically  using  a  bar  magnet  located  across  the  sieve 
inlet  (fig.  4-36).  The  magnetic  separation  was  conducted  as  the  material  entered  the  sieving 
process.  The  metal  fragments  were  transported  by  a  conveyor  belt  to  a  metal  pan.  WES 
weighed  the  metal  fragments  removed  from  the  contaminated,  crushed  SACON.  The  metal 
fragments  removed  from  the  contaminated,  crushed  SACON  were  sampled  and  tested  for  lead 
content  and  TCLP  analysis.  The  material  was  disposed  of  as  required  by  environmental 
regulations. 


Figure  4-36.  Bar  magnet. 


4.2.4.2.6  Sieving.  The  crushed,  magnetically  cleaned  SACON  was  sieved  using  a  vibrating 
sieving  system  (fig.  4-37).  This  type  of  unit  holds  the  sieve  series  in  an  enclosed  cabinet  that  is 
maintained  under  negative  pressure.  A  cyclone  dust  collector  equipped  Avith  a  200-liter  dust 
collection  drum  and  a  polyester-felt  dust  bag  produced  the  negative  pressure.  This  type  of  filter 
can  handle  volumes  of  air  up  to  38  mVmin  (1400  cfm  of  air)  and  is  designed  to  remove 
99.5  percent  of  particles  as  small  as  1  micron.  Air  exhausted  from  the  dust  collector  was  drawn 
into  a  second  cyclone  cleaner  that  exhausts  air  from  the  equipment  bay  housing  the  sieve  system. 
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Figure  4-37.  Separating  sieve  fractions. 


The  contaminated  and  uncontaminated  crushed  SACON  was  sieved  separately.  During 
contaminated  SACON  sieving,  bullet  fragments  larger  than  9  mm  were  separated  from  the 
crushed  SACON.  Bullet  fragments  smaller  than  9  mm  were  included  in  the  aggregate  mix  that 
was  used  in  reformulating  the  SACON.  WES  weighed  the  dust  collected  in  the  cyclone  cleaner 
filters,  and  a  composite  sample  was  collected  and  analyzed  for  lead  content  and  TCLP.  The  dust 
was  disposed  of  as  required  by  environmental  regulations.  Also,  WES  collected  samples  from 
surfaces  in  and  around  the  sieving  equipment.  These  samples  were  analyzed  for  lead  content. 
Sampling  was  not  conducted  on  the  dust  generated  during  sieving  of  the  uncontaminated, 
crushed  SACON. 

4.2.4.2.7  Blending.  The  sieve  fraction  collected  was  reconstituted  to  form  a  fine  aggregate  that 
had  a  size  distribution  compatible  with  the  requirements  given  in  the  Technical  Specification  for 
SACON  (ref  10).  The  fine  aggregate  was  weighed  and  a  composite  sample  was  collected  by 
WES  and  analyzed  for  lead  content  and  TCLP.  (Note:  Lead  analysis  and  TCLP  were  conducted 
only  on  the  aggregate  collected  from  the  contaminated,  crushed  SACON  sieving.) 

All  personnel  in  the  vicinity  of  the  sieving  system  were  outfitted  with  disposable  coveralls,  boot 
covers,  gloves,  and  an  individually  fitted  respirator  equipped  with  HEPA  filters.  The  air  was 
monitored  in  both  the  equipment  bay  and  the  respiratory  zone  of  individual  workers. 
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4.2.4.2.S  Remixing.  The  sieved  fractions  from  both  the  contaminated  and  uncontaminated 
crushed  S ACON  were  combined  and  used  to  make  the  new  SACON  blocks.  All  materials  not 
passing  through  the  No.  4  and  100  sieves  were  discarded.  (Prior  to  combining  the  contaminated 
and  uncontaminated,  crushed  SACON,  WES  collected  a  sample  of  the  contaminated,  crushed 
SACON  and  made  test  cylinders  of  recycled  SACON  in  the  laboratory.  This  recycled  SACON 
was  sampled  and  tested  for  lead  and  TCLP  analysis.)  The  combined  aggregate  was  added  to  a 
cleaned  commercial  transit  mixer  (fig.  4-38).  The  transit  mixer  contained  clean  water 
proportioned  for  mixing  and  produced  a  water-sand  slurry  that  did  not  cause  any  dust  dispersal. 
The  additional  cpmponents  needed  for  the  concrete  were  weighed  and  added  to  the  mixer.  The 
proportions  of  material  followed  the  formulation  presented  in  Table  2-1.  The  amounts  of 
material  used  were  such  as  to  produce  approximately  7.6  m^  (10  yd^)  of  polypropylene-fiber- 
reinforced  SACON. 


Figure  4-38.  Mixing  in  recycled  aggregate. 


4.2.4.2.9  Casting  and  curing.  The  fresh  SACON  mixture  was  placed  in  individual  block 
molds  to  produce  approximately  30  blocks  for  the  25-Meter  Range  bullet  barrier  walls 
(fig.  4-39).  Additional  specimens  were  collected  for  testing  to  determine  vmconfined 
compressive  strength  (ref  38)  and  modulus  of  rupture  (ref  39).  The  results  of  these  tests  were 
compared  to  the  results  of  tests  performed  on  original  SACON  formulations. 
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Figure  4-39.  Molding  SACON. 


A  clear  silicate  or  latex-curing  compound  was  applied  to  the  exposed  concrete  surface.  The 
blocks  were  allowed  to  cure  in  the  molds  for  28  days  prior  to  demolding. 

4.2.4.2.10  Demolding  and  transportation.  After  28  days  of  curing,  the  recycled  blocks  were 
demolded  and  inspected.  All  blocks  were  marked  with  serial  numbers  and  labeled  as  recycled. 
The  recycled  blocks  were  palletized  and  transported  to  ATC  for  testing  on  a  25-Meter  Range. 

4.2.5  Data  Acquisition 

4.2.5. 1  A  three-tier  approach  to  data  acquisition,  illustrated  in  Figure  4-40,  was  used. 


Figure  4-40.  Data  acquisition  approach. 
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4.2.5.2  The  first  tier  consisted  of  active  participation  by  Defense  Evaluation  Support  Activity 
(DESA),  ATC,  or  WES  during  selected  key  demonstration  events.  DESA  was  present  during 
installation  of  the  S  ACON  barriers  at  both  range  locations  and  during  the  casting  of  all  SACON 
materials.  In  addition,  the  DESA  collected  baseline  soil  samples  around  the  SACON  barriers 
installed  on  two  firing  lanes  at  West  Point  for  the  environmental  compatibility  assessment,  and 
monitored  the  overall  data  collection  effort  during  their  bimonthly  monitoring  visits  to  USMA 
West  Point  and  Fort  Knox.  The  ATC  collected  the  post-demonstration  soil  samples  at  USMA 
and  completed  several  monthly  range  inspections  at  USMA  and  Fort  Knox.  The  WES  conducted 
a  recycling  operation  for  assessment  by  ATC.  The  ATC  conducted  durability,  ricochet,  and 
leachability  testing  to  fill  data  gaps.  The  ATC  obtained  the  laboratory  test  results  from  the 
predemonstration  soil  samples  taken  at  USMA  as  well  as  partially  completing  technology 
performance  sampling  results.  The  ATC  collected  and  analyzed  the  post-demonstration  soil 
samples  fi'om  USMA.  In  addition,  ATC  supplemented  the  evaluation  survey  and  manual  data 
collection  forms  with  photographs  and  video  recordings  of  the  demonstration.  These  recordings 
were  used  to  characterize  impact  erosion  and  target  protection  and  to  supplement  the 
maintainability,  durability,  and  safety  assessment  of  the  SACON  barriers. 

WES  personnel  recorded  objective  and  subjective  data  for  use  in  evaluating  the  manufacturing 
and  recycling  of  SACON.  Objective  data  collected  included  waste  characterizations,  industrial 
hygiene  sampling,  weights,  etc.  Subjective  data  were  provided  for  cost  evaluation  purposes. 

The  WES  provided  their  manufacturing  and  delivery  costs  associated  with  the  manufacture  of 
SACON  and  estimated  private  manufacturing  costs.  Costs  associated  with  extracting  metals 
fi-om  the  SACON  debris,  metal  reclamation  credits,  and  disposal  of  residue  debris  were  also 
collected.  The  WES  videotaped  the  recycling  operation  to  supplement  the  safety  evaluation. 

4.2.5.3  Because  resource  limitations  precluded  DESA’s/ATC’s  active  participation  in  day-to- 
day  firing  operations  at  the  ranges,  the  second  tier  of  data  was  collected  by  range  personnel. 
Second-tier  data  included  environmental  and  technology  performance  sampling  of  the  debris  in 
front  of  the  two  SACON  barriers  at  USMA,  a  monthly  assessment  of  SACON  block  durability 
and  maintainability  by  range  operators,  and  a  daily  recording  of  roimds  fired  on  S ACON- 
equipped  firing  lanes.  Data  collection  gaps  necessitated  additional  controlled  durability  and 
technology  performance  tests  to  be  conducted  by  and  at  ATC  as  part  of  the  first  tier. 

4.2.5.4  Third-tier  data  were  obtained  through  hterature  reviews  and  other  research  on  cost, 
safety,  maintainability,  and  training  realism  information  not  obtainable  through  observation.  The 
majority  of  this  data  was  obtained  fi-om  AEC  and  WES  publications  or  through  interviews  with 
installation  Range  Managers. 
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4.3  Test  and  Evaluation  Procedures 

4.3.1  Performance  Objectives 

4.3.1.1  Objective  1-1. 

4.3.1.1.1  Test  Procedure.  The  objective  was  to  determine  the  efficiency  of  SACON  in 
capturing  incoming  rounds.  Firing  points  No.  17  and  19  on  USMA’s  Range  3  were  to  be  used  to 
generate  data  for  this  assessment.  The  walls  were  set  up  on  the  25-Meter  Range  as  described  in 
Section  4.2.2. 1 .  Plastic  pans  were  placed  immediately  in  front  of  the  walls  to  capture  falling 
debris.  Regular  inspections  were  to  be  made  and  documented  using  the  USMA  Barrier/ 

Container  Inspection  Data  Form.  Occurrences  in  which  debris  was  not  contained  were  to  be 
reported  on  Part  D  of  the  form.  The  number  of  rounds  fired  on  each  lane  was  collected  on  the 
USMA  Firing  Unit  Data  Form. 

At  scheduled  intervals  (ref  9),  the  debris  was  to  be  removed  from  the  catch  pan,  packaged,  and 
sent  to  a  laboratory  for  analysis.  The  analysis  was  to  consist  of  a  total  wei^t  of  the  debris  and  a 
composite  lead  concentration  of  the  debris  (ref  40). 

Unfortunately,  the  weights  of  the  debris  generated  at  USMA’s  firing  points  No.  17  and  19  were 
not  collected.  The  data  (mass  of  debris,  total  lead  concentration  in  the  debris,  and  the  number  of 
rounds  fired)  to  support  the  assessment  of  this  objective  were  generated  at  ATC  as  a  by-product 
of  the  accelerated  durabihty  test  (ref  10).  Metal  containment  efficiency  was  derived  from  the 
debris  collected  during  durability  testing  at  ATC.  At  the  conclusion  of  durability  testing,  the 
weight  of  the  debris  was  determined.  Composite  samples  were  taken  of  the  debris  material.  The 
composite  samples  were  delivered  to  ATC’s  Chemistry  Laboratory  for  analysis.  The  laboratory 
crushed  the  material  in  an  attempt  to  achieve  homogeneity.  Large  fragments  were  removed 
using  a  No.  1 0  sieve  with  a  2.00-mm  opening.  The  amount  of  lead  removed  by  the  sieve  was 
calculated  by  the  Energy  Dispersion  X-ray  Spectroscopy  (EDX)  Method  (ref  41). 

The  material  that  passed  through  the  sieve  was  analyzed,  using  the  trace  Inductively  Coupled 
Plasma  (ICP)  -  Atomic  Emission  Spectroscopy  Method  (ref  40)  to  measure  total  lead 
concentration  in  the  debris. 

4.3.1.1.2  Evaluation  Procedure.  The  concentration  determined  by  the  EDX  Method  was 
added  to  the  concentration  determined  by  the  ICP  Method.  The  resultant  total  lead  concentration 
was  then  converted  into  a  total  amount  of  lead  in  the  debris  by  multiplying  the  lead  concentration 
by  the  mass  of  the  debris.  The  total  mass  of  lead  in  the  debris  was  divided  by  the  mass  of  lead  in 
an  M855  slug  to  determine  the  number  of  bullets  not  contained  by  the  SACON  wall.  The 
M855  slug  contains  32.00  grains  of  a  lead-antimony  alloy  (ref  42).  The  percentage  of  antimony 
varies  from  1.0  to  2.5  (ref  43).  For  calculations,  an  antimony  percentage  of  1.75  was  used, 
which  yielded  a  lead  content  of  3 1.44  grains  per  M855  bullet  slug.  The  method  for  calculating 
containment  efficiency  is  presented  in  Figure  4-41. 
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Given: 

32.00  grain  lead/antimony  alloy  per  M855  bullet. 

Average  antimony  content  in  alloy  =  1.75  percent. 

6.479891  X  10  Wlograms  per  grain  (ref  CRC  Handbook). 

Calculate  total  lead  (Pb)  collected  in  the  debris  pile: 

(Mass  debris,  kg)  x  (Debris  Pb  concentration,  mg/kg)  x  (kg/lOOOmg)  =  (Pb  mass  lost,  kg) 

Convert  total  lead  to  an  estimated  number  of  M855  bullets; 

(Pb  mass  lost,  kg)  x  (M855  /31.44  grain  Pb)  x  (gram)/6.479891  x  10  “^kg  =  (No.  of  M855  bullets) 

Determine  percentage  of  bullets  retained  by  SACON  wall: 

rNumber  of  rounds  fired)  -  rNumber  of  bullets  not  retained't  x  100  =  %  Captured 
_ (Number  of  rounds  fired) _ 

Figure  4-4 1 .  Containment  efficiency  calculation  method. 


4.3.1.2  Objective  1-2. 

4.3.1.2.1  Test  Procedure.  The  objective  was  to  determine  if  the  debris  from  the  SACON 
blocks  was  a  RCRA  hazardous  waste,  based  on  the  characteristics  of  toxicity.  Wastes  exhibiting 
toxicity  characteristics  are  those  that  leach  constituents  above  the  regulatory  limit  listed  in 

40  CFR  26 1 .24  (ref  44).  The  waste  classification  of  SACON  debris  is  dependent  upon  the 
amovmt  of  leachable  lead  present  in  the  waste  material.  If  the  collected  waste  debris  contains 
leachable  lead  in  concentrations  meeting  or  exceeding  the  regulatory  limit  of  5  ppm,  it  will  be 
characterized  as  a  RCRA  hazardous  waste.  The  method  used  to  assist  in  this  determination  is  the 
TCLP,  EPA  Method  1311  (ref  15).  Samples  were  taken  from  debris  piles  and  wall  cavities  at 
USMA,  Fort  Knox,  and  ATC.  The  debris  pile  and  cavity  samples  were  considered  to  provide  a 
worst  case  for  lead  contamination.  These  samples  were  analyzed  for  leachable  lead  content 
using  the  TCLP  method. 

4.3.1.2.2  Evaluation  Procedure.  The  TCLP  analytical  data  were  reviewed  to  determine  if  the 
5-ppm  leachable  lead  limit  was  exceeded.  Any  measurement  that  exceeded  the  5-ppm  level 
constituted  a  failure. 

4.3. 1.3  Objectives  1-3  and  1-4. 

4.3.1.3.1  Test  Procedure.  The  objective  was  to  assess  the  effect  of  SACON  bullet  traps  on 
range  soil  erosion  and  target  protection.  Range  Inspection  Surveys  and  Installation  Range 
Manager  Inspection  Surveys  were  completed  by  maintenance  personnel  performing  the  periodic 
inspections.  These  surveys  were  designed  to  elicit  inspector  responses  to  determine  whether  the 
SACON  blocks  and  barriers  were  perceived  to  reduce  the  amount  of  erosion  and  improved  target 
protection  as  compared  to  non-SACON-enhanced  ranges.  Photographs  and  video  recordings 
were  used  to  supplement  the  range  surveys. 
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4.3.1.3.2  Evaluation  Procedure.  A  subjective  evaluation  was  made  based  upon  the  survey 
responses  and  photograph  documentation. 

4.3.2  Costs 

4.3.2. 1  Objective  2-1. 

4.3.2. 1.1  Test  Procedure.  The  objective  was  to  determine  the  nonrecurring  cost  associated  with 
using  S  ACON  bullet  traps.  An  estimate  of  the  nonrecurring  (capital)  costs  associated  with 
SACON  was  derived  for  a  typical  barrier  installed  on  a  25-Meter  Range.  The  cost  data  to 
support  the  estimate  were  generated  during  manufacture,  transportation,  site  preparation,  and 
installation  activities.  Site  preparation  and  installation  costs  were  based  on  labor  hours  expended 
in  performing  these  tasks.  Actual  manufacturing  costs  were  obtained  from  WES.  Transportation 
cost  da<'a  collected  were  those  expended  to  move  the  SACON  from  the  manufacturer  (WES)  to 
Fort  Knox,  to  USMA,  and  to  ATC. 

4.3.2.1.2  Evaluation  Procedure.  The  capital  cost  for  a  typical  25-Meter  Range  SACON  barrier 
was  determined  by  adding  the  manufacturing,  transportation,  site  preparation,  and  installation 
costs.  The  capital  cost  for  a  20-lane,  25-Meter  Range  was  extrapolated  from  the  single-lane  cost. 

4.3.2.2  Objective  2-2. 

Test  Procedure.  The  objective  was  to  determine  the  recurring  cost  associated  with  using 
SACON  bullet  traps.  An  estimate  of  the  recurring  costs  was  derived  for  a  typical  barrier 
installed  on  a  25-Meter  Range.  The  recurring  costs  were  determined  by  adding  the  costs  of 
maintaining,  remanufacturing,  and  disposing  of  SACON.  For  the  25-Meter  Ranges,  maintenance 
costs  were  based  on  barrier  refurbishment  activities. 

Evaluation  Procedure.  The  cost  of  each  maintenance  task  was  calculated  by  multiplying  the 
number  of  man-hours  utilized  by  the  appropriate  labor  rates.  The  capital  cost  for  a  20-lane, 
25-Meter  Range  was  extrapolated  from  the  single-lane  cost. 

4.3.3  Safety 

4.3.3.1  Objective  3.1. 

Test  Procedure.  The  objective  was  to  determine  if  SACON  bullet  traps  produced  ricochets. 
Initially,  the  assessment  was  to  be  based  upon  the  field  demonstrations  at  USMA  and  Fort  Knox. 
The  safety  record  for  SACON  as  used  on  the  Fort  Knox  and  USMA  small-arms  ranges  was  to  be 
carefully  documented.  Fort  Knox  and  USMA  range  personnel  performed  periodic  inspections  of 
the  SACON  barriers  on  the  25-Meter  Ranges  to  determine  if  any  ricochets  had  occurred. 
Observed  or  suspected  ricochets  were  documented  on  the  Inspection  Data  Form.  ATC  viewed 
this  methodology  as  inadequate  to  assess  the  objective  and  produced  supplemental  test  data.  An 
instrumented  approach  was  taken  at  ATC.  Ricochet  angles,  velocities,  and  distances  of  two  rifle 
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and  two  pistol  rounds  (.45-caliber  pistol  round  (M191 1),  9-mm  pistol  round  (M882),  and  the 
M16  rifle  rounds  (M855  and  M193))  were  measured  after  impacting  SACON  blocks.  The  initial 
impact  angle  for  SACON  ricochet  testing  was  set  at  2®  and  increased  at  2®  increments  until  a 
total  of  seven  angles  were  achieved. 

Evaluation  Procedure.  The  data  generated  at  Fort  Knox  and  USMA  were  analyzed  by 
determining  the  number  of  ricochets  by  SACON  type  and  by  range  location.  If  any  ricochets 
were  noted,  the  firing  angle  of  incidence  was  compared  to  the  test  data  generated  at  ATC  for 
validation. 

The  data  processed  by  ATC  included  the  impact  and  exit  velocities,  angle  results,  and 
distances.  All  data  were  processed  using  the  Weibel  1000  processor  and  parallax  program.  If 
the  round  broke  up  into  several  pieces,  the  piece  with  the  highest  velocity  was  processed  with  no 
reduction  in  projectile  weight.  This  provided  the  worst-case  scenario  and,  therefore,  the  largest 
ricochet  distance. 

The  data  were  used  by  the  COE  Engineering  and  Support  Center  (ESC),  Huntsville,  Alabama,  to 
assess  the  impact  on  the  respective  safety  fans  created  by  installing  SACON  on  the  25-Meter, 
ARF,  AFF,  and  CPQC  Ranges.  The  ricochet  distance  and  angle  were  compared  to  the  SDZ  for 
small  arms  published  in  AR  385-64  (ref  45).  The  results  of  the  tests,  after  evaluation  of  test  data 
by  CE  ESC,  were  sent  to  the  U.S.  Amy  Training  and  Doctrine  Command  (TRADOC),  Range 
Safety  Program  Manager,  for  certification  to  use  SACON  blocks  on  a  range  if  the  blocks  do  not 
increase  the  safety  fan. 

4.3.3.2  Objective  3.2. 

Test  Procedure.  The  objective  was  to  assess  personnel  safety  during  SACON  barrier 
installation  and  maintenance.  On  the  25-Meter  Ranges,  it  was  envisioned  that  personnel  unaided 
by  mechanical  equipment  could  unstack  and  restack  the  SACON  blocks  when  the  barrier 
required  refurbishment.  A  Range  Supervisor  administered  a  survey  to  personnel  conducting  a 
barrier  refurbishment  to  aid  in  assessing  selected  safety  issues.  Accidents  or  injuries  related  to 
SACON  barrier  refurbishment  were  also  to  be  recorded  on  the  survey  by  the  Range  Supervisor. 
These  surveys  were  to  be  supplemented  with  photographs/video  recordings  of  the  barrier 
refurbishment. 

Air  monitors  were  used  to  sample  the  breathing  zone  of  the  workers  to  determine  particulate  and 
lead  exposure  levels  during  barrier  refurbishment  and  removal  activities. 
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Evaluation  Procedure.  An  assessment  was  performed,  from  a  personnel  safety  perspective, 
regarding  the  procedures  employed  during  barrier  refurbishment.  This  assessment  started  by 
comparing  SACON  block  weight  to  weight  restrictions  on  manpower  lifting  to  determine  the 
mitiimnm  number  of  personnel  required  to  safely  lift  the  blocks  (ref  46).  The  paiftculate  and 
lead  exposure  levels  were  compared  to  Occupational  Safety  and  Health  Administration  (OSHA) 
29  CFR  1910  (ref  47)  to  determine  appropriate  PPE  for  maintenance  activities. 

4.3.4  Logistics 

4.3.4.1  Objective  4.1. 

Test  Procedure.  The  objective  was  to  assess  the  maintainability  of  the  SACON  bullet  traps.  At 
USMA  and  Fort  Knox,  range  personnel  conducted  periodic  SACON  barrier  inspections  and 
recorded  their  observations.  Maintenance  actions  were  initiated  by  the  Range  Manapr  when  the 
barrier  was  penetrated  to  a  depth  equal  to  or  greater  than  42  inches  (66  percent  of  thickness). 

The  time  required  to  refurbish  the  SACON  barriers  was  recorded.  Maintenance  personnel  tasked 
with  unstacking  and  restacking  the  SACON  blocks  completed  a  Maintainability  Survey  to  record 
their  opinions  regarding  the  ease  of  handling  these  blocks.  On  the  AFF,  ARF,  and  CPQC 
Ranges,  designated  range  personnel  inspected  and  performed  periodic  maintenance.  These 
SACON  configurations  were  not  to  be  replaced  during  the  evaluation  period;  however, 
maintenance  personnel  were  to  record  time  spent  maintaining  each  target. 

Evaluation  Procedure,  It  was  envisioned  that  personnel  unaided  by  mechanical  equipment 
could  install  and  maintain  SACON  barriers.  The  results  of  the  personnel  safety  analysis 
(section  4.3.3b)  were  reviewed  to  determine  what  type  of  equipment  was  required  to  install  and 
maintain  SACON  in  a  safe  manner.  The  survey  responses  concerning  mainteinability  were 
summarized  and  converted  into  a  listing  of  recommended  equipment.  The  list  included 
equipment  generally  accessible  to  range  personnel.  Specialized  equipment  requirements  were 
identified. 

4.3.4.2  Objective  4.2. 

Test  Procedure.  The  objective  was  to  assess  the  durability  of  the  SACON  bullet  traps. 
Durability  was  characterized  by  correlating  bullet  penetration  depth  in  the  SACON  bamer  blocks 
to  the  number  of  rounds  fired.  Depth-of-penetration  measurements,  round  counts,  and 
observations  were  made  at  the  Fort  Knox  and  USMA  25-Meter  Ranges.  Unfortunately,  round 
counts  could  not  be  correlated  to  the  individual  cavities.  Cavities  develop  as  a  result  of 
concentrated  round  impacts  directly  behind  the  target  placement  on  the  25-Meter  Range.  The 
cavity  sections  of  the  wall  are  the  portions  of  the  wall  that  reach  failure  and  require  maintenance 
first.  Additional  data  were  generated  to  correlate  the  number  of  rounds  fired  to  the  depth  of 
penetration  within  a  cavity.  Observations  at  USMA  and  Fort  Knox  indicated  a  typical  cavity 
from  a  single  firing  lane  could  be  approximated  roughly  by  a  12-inch-diameter  cylinder 
(fig.  4-42).  This  pattern  was  reproduced  at  ATC  to  allow  for  the  development  of  the  rounds  fired 
versus  penetration  correlation. 
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Figure  4-42.  T)^ical  cavity.  Fort  Knox  Canby  Hill  Range. 


Two  SACON  variants  were  tested  at  ATC:  reformulated  and  recycled.  Observations  at  Fort 
Knox  and  USMA  indicated  that  polypropylene  and  steel  performed  similarly  with  respect  to 
durability,  but  the  debris  from  the  steel  punctured  the  work  gloves  used  during  the  cleanup  of 
debris.  As  a  result  of  these  observations,  polypropylene  was  chosen  as  an  additive  (as  opposed 
to  steel  fibers)  for  these  variants. 

Three  different  SACON  configurations  were  tested  at  ATC.  The  first  configuration  consisted  of 
I-shaped  blocks  produced  from  the  recycled  quartz-sand  aggregate.  The  second  configuration 
consisted  of  the  same-shape  blocks  but  was  made  using  the  reformulated  SACON  mixture.  The 
third  configuration  consisted  of  reformulated  SACON  formed  into  large  cubes  with  a  nominal 
measurement  of  24  inches.  The  walls  were  constructed  as  described  in  paragraph  4.2.2. 7.  The 
three  SACON  walls  were  fired  upon  utilizing  the  5.56-mm  M855  round  fired  from  a  loosely 
mounted  squad  automatic  weapon  (SAW)  M249  machinegun.  As  at  USMA  and  Fort  Knox,  a 
wall  was  considered  failed  when  the  penetration  of  the  bullets  reached  two-thirds  of  the  depth  of 
the  wall.  The  shot  pattern  used  was  12  to  15  inches  in  diameter.  The  shot  pattern  was  varied  by 
the  natural  recoil  action  of  a  loosely  mounted  SAW  fired  in  short  (three-  to  five-round)  full 
automatic  bursts.  The  initial  weapon  sighting  was  moved  after  each  100  rounds  fired  to  further 
vary  the  bullet  impacts  within  the  pattern.  The  distance  from  the  weapon  to  each  SACON  wall 
was  25  meters  with  an  incident  angle-of-fire  of  90”.  Depth-of-penetration  measurements  were 
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taken  in  lOO-ronnd  intervals.  The  measurements  were  taken  by  inserting  a  rigid  measurement 

device  into  the  wall  cavity  and  determining  the  maximum  depth  of  penetration.  Each 

measurement  was  taken  three  times  to  ensure  repeatability.  All  three  measurements  were  within 
1/2  inch  or  they  were  retaken  until  this  level  of  repeatability  was  reached. 

Evaluation  Procedure.  Durability  was  analyzed  by  comparing  the  depth  of  penetration  with  the 

number  of  rounds  fired.  The  depth-of-penetration  data  were  reduced  by  averaging  the 

three  measurements  made  at  the  100-round  intervals.  The  data  were  presented  in  tabular  form. 

A  graphical  representation  of  the  data  showing  depth  of  penetration  versus  rounds  fired  was  also 

made. 

Since  fewer  rounds  were  expended  at  USMA  and  Fort  Knox  than  expected,  the  ATC  durability 
data  were  used  to  determine  maintenance  fi:equencies.  The  numbers  of  rounds  fired  mto  a  cavity 
that  resulted  in  a  wall  failure  present  a  worst  case  for  wall  durability.  This  failure  point  was 
combined  with  range  usage  data  to  determine  expected  maintenance  frequencies. 

4.3.5  Training  Realism  (Objectives  5.1  through  5.3) 

Test  Procedure.  The  impact  on  training  realism  was  characterized  in  terms  of  shooter 
distraction,  down-range  visibility,  and  target  concealment.  Shooter  distraction  was  defined  as 
any  interruption  to  the  shooter  caused  directly  or  indirectly  by  the  S  AGON  bullet  trap.  Reduced 
target  visibility  or  masking  was  the  obstruction  of  down-range  targets  caused  by  the  installed 
SACON.  Target  concealment  or  camouflage  was  the  degree  to  which  identification  of  the  target 
location  was  impacted  by  the  installed  SACON. 

Evaluation  Procedure.  Subjective  data  to  address  training  realism  were  collected  at  both  Fort 
Knox  and  USMA.  Immediately  after  the  shooter  finished,  the  officer  in  charge/ 

noncommissioned  officer  in  charge  (OIC/NCOIC)  of  the  training  unit  issued  a  SACON  Training 
Realism  Firer  Survey  to  each  shooter  using  a  SACON  firing  point.  Field  interviews  of  USMA 
and  Fort  Knox  range  personnel  were  used  to  enhance  assessment  of  the  objective.  A  histogram 
was  used  to  present  shooter  opinions  expressed  on  the  SACON  Trammg  Realism  Firer  Survey 
(i.e.,  shooter  distraction,  down-range  visibility,  and  target  concealment). 

4.3.6  Recycling  Performance 
4.3.6.1  Objective  6.1. 

Test  Procedure.  The  objective  was  to  assess  the  ability  of  the  recycling  operation  to  remove 
M16-round  steel  penetrators  and  SACON  bullet-trap  steel  fibers,  if  used.  The  removal  of 
Ml  6-round  steel  penetrators  was  deemed  necessary  by  WES  to  reduce  ricochet  potential.  To 
enable  an  assessment  of  removal  efficiency,  WES  personnel  collected  ten  samples  of  the  crushed 
SACON  material  immediately  before  magnetic  separation  and  immediately  after  the 
reconstitution  of  the  aggregate.  The  samples  were  collected  in  1-liter  polyethylene  plastic 
containers.  WES  used  care  to  accumulate  the  1  -liter  samples  from  ten  distinct  portions  of  the 
crushed  material,  to  form  a  representative  composite  sample.  The  samples  were  mixed 
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thoroughly  to  achieve  homogeneity.  A  4-gram  portion  of  each  sample  was  taken  and  prepared 
for  analysis  following  EPA  Method  3015,  Microwave- Assisted  Acid  Digestion  of  Aqueous 
Samples  and  Extracts  (ref  48).  The  prepared  samples  were  analyzed  for  iron  following  EPA 
Method  6010,  ICP  -  Atomic  Emission  Spectroscopy  (ref  40)  (table  4-3). 


TABLE  4-3.  RECYCLING  SAMPLE  MATRIX 


Objective 

No. 

Description 

Target 

Element 

Method  No. 

Sample 

Preparation 

Analytical 

Unit  Process 

6.1“ 

Removal  of  steel 
penetrators/fibers 

Iron 

3051 

6010 

B  Magnetic  S 

3051 

6010 

A  Blending 

6.2“ 

Reduction  of  toxicity 
characteristics 

Lead 

3015, 1311 

6010 

B  Magnetic  S 

3015, 1311 

6010 

Test  cylinder 

■ 

Containment  and  control  of 
lead 

3051 

6010 

B  Breaking 

B  Crushing 

B  Magnetic  S 

A  Sieving 

B  Blending 

A  Blending 

6.4” 

Characterization  of  waste 
products 

3010A 

1311 

PPE 

3010A 

1311 

Sweepings 

3010A 

1311 

Bags/plastic 

3010A 

1311 

Wash  water 

“Analysis  conducted  by  ATC. 
'’Analysis  conducted  by  WES. 


A  =  After. 

B  =  Before. 

Note:  WES  performed  all  sampling. 


Evaluation  Procedure.  A  removal  percentage  of  95  resulted  in  the  successful  completion  of  the 
objective.  The  removal  percentage  was  calculated  as  follows: 

%  Removal  =  (Iron  Concentration  before  Magnetic  Separation  -  Iron  Concentration  after  Blending)  xlOO 

Iron  Concentration  before  Magnetic  Separation 
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4.3.6.2  Objective  6.2. 

Test  Procedure.  The  objective  was  to  assess  the  ability  of  the  recycling  operation  to  reduce  the 
toxicity  characteristics  (if  present)  of  the  SACON  material.  The  same  samples  collected  for 
analysis  of  steel  removal  efficiency  (see  para  4.3.6a)  contained  enough  crushed  material  to 
evaluate  the  leachable  lead  content  prior  to  the  recycling  process.  A  test  cylinder  of  the  final 
product  was  allowed  to  cure  and  was  shipped  to  ATC  to  evaluate  the  leachable  lead  content  after 
recycling.  The  samples  underwent  analysis  following  EP A  Method  1311,  TCLP  (ref  1 0)  to 
simulate  the  concentration  of  leachable  lead.  The  TCLP-extracted  samples  (from  EPA 
Method  1311)  were  prepared  for  analysis  following  EPA  Method  3015.  The  prepared  samples 
were  analyzed  for  lead  following  EPA  Method  6010  (table  4-3). 

Evaluation  Procedure.  Results  of  less  than  5  ppm  of  leachable  lead  in  the  leachate  from  the 
reconstituted  aggregate  resulted  in  the  successful  completion  of  Objective  6.2. 


4.3.6.3  Objective  6.3. 

Test  Procedure.  The  objective  was  to  assess  the  ability  of  the  recycling  operation  to  contam 
and  control  lead  contained  in  the  used  SACON  material  through  each  step  of  the  operation.  A 
determination  of  the  ability  to  control  lead  was  made  through  analysis  of  the  surface  areas  m 
proximity  to  each  recycling  unit  process.  WES  sampled  the  floor  or  ground  surfaces  for  total 
lead  prior  to  and  immediately  after  each  unit  operation.  The  after-sample  was  taken  after  the 
area  was  thoroughly  cleaned  by  WES  personnel. 

Evaluation  Procedure.  The  criteria  used  for  the  assessment  were  based  on  U.S.  Housing  and 
Urban  Development  (HUD)  Lead-Based  Paint  Interim  Guidelines  for  Hazard  Identification 
(ref  49).  Success  was  judged  by  an  accumulation  of  less  than  200  ppb  of  lead  on  the  surface 
surrounding  each  unit  process. 

4.3.6.4  Objective  6.4. 

Test  Procedure.  The  objective  was  to  determine  waste  handling  requirements  generated  by  the 
recycling  process.  All  of  the  waste  products  generated  during  recycling  operations  were  to  be 
collected,  weighed,  and  sampled  by  WES.  WES  forwarded  the  samples  to  ATC  for  TCLP  lead 
analysis. 

Evaluation  Procedure.  No  criteria  were  required.  However,  the  generation  of  a  hazardous 
waste  (TCLP  lead  greater  than  5  mg/L)  would  result  in  more  stringent  handling  and 
administrative  requirements. 
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43.6.5  Objective  6.5. 

Test  Procedure.  The  objective  was  to  assess  the  ability  of  the  recycling  operation  to  generate  a 
usable  fine  aggregate  that  meets  the  Technical  Specifications  for  SACON  (ref  10).  After  the 
aggregate  was  blended,  WES  took  ten  1-liter  samples  of  the  aggregate.  The  samples  were  sieved 
by  ATC  following  ASTM  Method  C  136  (ref  50)  for  comparison  to  the  Technical  Specifications 
for  SACON  (ref  10). 

Evaluation  Procedure.  Success  was  determined  by  conformance  to  the  specification. 

4.3.6.6  Objective  6.6. 

Test  Procedure.  The  objective  was  to  compare  the  physical  characteristics  of  the  recycled 
SACON  material  to  those  of  virgin  SACON  material.  WES  performed  compressive  strength, 
modulus  of  rupture,  and  density  measurements.  WES  provided  this  information  as  well  as  ftie 
same  data  for  virgin  SACON  material. 

Evaluation  Procedure.  A  deviation  of  5  percent  over  any  parameter  was  considered  a  failure  to 
meet  the  objective. 

4.3.6.7  Objectives  6.7  and  6.8. 

Test  Procedure.  The  objective  was  to  determine  the  costs  associated  with  the  SACON 
recycling  operation.  WES  provided  a  list  and  cost  breakdown  of  all  recurring  and  nonrecurring 
costs  for  comparative  analysis. 

Evaluation  Procedure.  An  analysis  was  conducted  to  determine  the  cost  to  produce  a  pound  of 
recycled  aggregate.  The  cost  to  produce  the  recycled  aggregate  was  compared  with  the 
combined  cost  of  producing  SACON  from  virgin  aggregate  and  the  disposal  of  waste  SACON. 

4.3.6.8  Objectives  6.9  and  6.10. 

Test  Procedure.  The  objective  was  to  assess  personnel  safety  and  protective  equipment  during 
the  performance  of  the  SACON  recycling  demonstration.  A^^S  videotaped  the  entire  recycling 
process.  A  copy  of  this  tape  was  provided  to  ATC  for  review  by  a  systems  safety  engineer.  All 
recycling  participants  wore  personnel  air  monitors.  The  monitoring  results  were  provided  to 
ATC  for  review  by  an  industrial  hygienist. 

Evaluation  Procedure.  A  safety  assessment  was  made  based  on  OSHA  Standard  29  CFR  1910. 
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5.  Performance  Assessment 


Throughout  the  field  demonstrations,  data  were  collected  to  assess  each  identified  performance 
object.  In  the  following  sections,  the  collected  data  for  each  specific  objective  are  presented  and 
used  to  assess  SACON's  performance  with  respect  to  the  test  criteria  identified  in  Table  4-2. 

5.1  Performance  Data  and  Assessments 

5.1.1  Objective  1.1.  Assess  the  number  of  rounds  not  retained  by  the  SACON  huUet 
traps. 

Data.  Data  were  collected  at  USMA  and  ATC  to  determine  the  SACON  barrier  containment 
efficiency.  Table  5-1  summarizes  the  data  that  were  used  to  calculate  the  number  of  rounds  not 
retained  by  the  respective  barriers. 


TABLE  5- 1 .  SACON  BARRIER  CONTAINMENT  PERFORMANCE  DATA 


Date 

Sampled 

Sample  Point 

Debris 
Mass,  kg 

Total 

Lead, 

mg/kg 

Rounds 

Fired 

(between 

sampling) 

Rounds 

Not 

Retained 

21  Apr  97 

17  USMA 

NR 

8,416 

300 

NC 

19  USMA 

NR 

9,012 

376 

NC 

29  Apr  97 

17  USMA 

NR 

9.774 

260 

NC 

19  USMA 

NR 

22,380 

NC 

12  May  97 

17  USMA 

NR 

15,660 

636 

NC 

19  USMA 

NR 

19,940 

240 

NC 

29  May  97 

17  USMA 

NR 

14,356 

128 

NC 

19  USMA 

NR 

12,646 

128 

NC 

10  Oct  97 

17L  USMA 

13.8 

40,591 

NR 

NC 

19L  USMA 

10.8 

64,560 

NR 

NC 

17R  USMA 

17.9 

NR 

NC 

19RUSMA 

NR  1 

NC 

15  Nov  9i~^ 

17LUSMA  1 

1.9 

27,568 

NR 

NC 

17RUSMA 

11.2 

58,042 

NR 

NC 

19R  USMA 

17.8 

28,748 

NR 

19L  USMA 

NR 

14,751 

NR 

NC 

23  Mar  98 

Large  block  ATC 

73.5 

20,540 

4,900 

689 

Reformulated  ATC 

98.4 

20,784 

7,100 

992 

Recycled  ATC 

84.8 

19,098 

7,100 

865 

NR  =  Not  recorded. 
NC  =  Not  calculated. 
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Assessment.  For  purposes  of  the  demonstration,  containment  was  defined  as  the  retention  of 
bullets  within  the  receiving  SACON  barrier.  The  percentage  of  rounds  retained  in  the  barrier 
was  used  as  the  key  performance  parameter.  Success  was  to  be  achieved  if  98  percent  of  the 
rounds  which  hit  the  barrier  were  retained  by  the  barrier  (ref  33).  Data  to  support  the  assessment 
were  to  be  derived  from  USMA  field  demonstration  data.  However,  a  lack  of  debris  mass  and/or 
round  counts  precluded  the  generation  of  a  containment  efficiency  of  the  USMA 
25-Meter  Range  barriers. 

Test  operations  conducted  at  ATC  were  used  to  produce  the  containment  efficiency  assessment. 
Data  were  generated  as  a  by-product  of  the  accelerated  durability  test.  The  test  procedure 
utilized  for  durability  testing  concentrated  the  impact  of  the  rounds  into  a  single  cavity  near  the 
center  of  the  wall.  This  is  important  to  note  because  of  the  mechanism  through  which  the  bullets 
are  not  retained.  As  bullet  impacts  create  the  cavity,  concrete  and  bullet  debris  accumulates 
within  the  cavity  and  at  the  base  of  the  barrier  wall.  The  definition  of  containment  used  excluded 
the  accumulation  at  the  base  of  the  wall.  From  observations  at  USMA  and  Fort  Knox,  random 
shots  into  the  barrier  appear  to  be  retained  except  if  the  impact  is  on  a  block  edge.  For  these 
reasons,  the  test  method  ATC  used  to  develop  tfie  containment  efficiency  data  was  thought  to 
produce  a  worst-case  containment  efficiency  for  a  well-placed  barrier  on  a  25-Meter  Range.  The 
method  used  to  calculate  the  containment  efficiency  is  illustrated  in  Figure  5-1. 


Given: 

32.00  grain  lead/antimony  alloy  per  M855  bullet 
Average  antimony  content  in  alloy  =  1.75% 

6.479891  X  10  kilograms  per  grain 
Mass  debris  =187.0  lb  x  .4536  kg/lb  =  84.8  kg 

Calculate  total  lead  (Pb)  collected  in  the  debris  pile: 

(Mass  Debris,  84.8  kg)  x  (Debris  Pb  cone.,  20784.3  mg/kg)  x  (kg/10*mg)  =  (1 .76  kg  Pb  lost) 

Convert  total  lead  to  an  estimated  number  of  M855  bullets: 

(1.76  kg  Pb  lost)  X  (M855  slug/  31.44  grain  Pb)x  (grain/6.479891  x  10  ~^kg)  =  (863.9  M855  slugs) 

Determine  percentage  of  slugs  retained  by  SACON  wall: 

(7100.  number  of  rounds  firedl  -  (864.  number  of  slues  not  retained!  x  100=  87.8%  captured 
(7100,  number  of  roxinds  fired) _ 

Figure  5-1.  Sample  containment  efficiency  calculation  method. 
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As  shown  by  the  calculation  presented  in  Figure  5-1,  the  SACON  wall  made  from  recycled 
aggregate  captured  approximately  6235  of  7100  rounds  fired,  resulting  in  a  containment 
efficiency  of  87.8  percent  (fig.  5-2). 


Recycled  SACON 
M855  Bullet  Containment  Efficiency 
U.S.  Army  Aberdeen  Test  Center 
March  1998 


I  %  Rounds  captured 
□  %  Rounds  not  retained 


Figure  5-2.  Recycled  SACON  containment  efficiency. 

The  wall  made  from  reformulated  SACON  captured  approximately  6108  of  7100  rounds  fired, 
resulting  in  a  containment  efficiency  of  86.0  percent  (fig.  5-3). 


Reformulated  SACON 
M855  Bullet  Containment  Efficiency 
U.S.  Army  Aberdeen  Test  Center 
March  1998 


B  %  Rounds  captured 
□  %  Rounds  not  retained 


Figure  5-3.  Reformulated  SACON  containment  efficiency. 
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The  SACON  wall  made  from  the  large  block  configuration  captured  approximately  421 1  of 
4900  rounds  fired,  resulting  in  a  containment  efficiency  of  85.9  percent  (fig.  5-4). 


SACX)N  -  Large  Block  Configuration 
M855  Bullet  Containment  Efficiency 
US.  Arnry  Aberdeen  Test  Center 
March  1998 


85.9% 


g  %  Rounds  captured 
□  %  Rounds  not  retained 


Figure  5-4.  Large  block  SACON  containment  efficiency. 


Using  the  98-percent  containment  criteria  specified  in  the  Bullet  Trap  Feasibility  Assessment 
(ref  4),  the  recycled  or  reformulated  or  large-block  S  ACON  variants  did  not  provide  an  adequate 
capture  rate. 

Air  sampling  was  conducted  throughout  durability  testing.  Air  monitors  were  placed  between 
the  SACON  walls.  The  samples  were  analyzed  for  lead  and  dust.  The  8-hour  time-weighted 
averages  (TWAs)  for  lead  ranged  from  0.002  to  0.057  mg/m^  and  for  dust  from  0.05  to 
5.4  mg/m\  These  results  indicate  that  the  aerial  transport  of  lead  occurred  during  accelerated 
durability  testing.  These  results  may  indicate  that  lead  dust  may  accumulate  over  time  in  the 
vicinity  of  the  SACON  barriers.  The  potential  for  aerial  dispersion  of  lead  is  considered  to  be  no 
greater  than  that  associated  with  shooting  into  a  berm. 

Improvements  to  SACON  containment  efficiency  as  applied  on  25-Meter  Ranges  could  be 
accomplished  by  incorporating  a  debris  collection  pan  in  front  of  each  wall.  The  incorporation 
of  a  debris  collection  device  would  likely  raise  the  collection  efficiency  to  an  acceptable  level  for 
use  on  a  25-Meter  Range. 

5.1.2  Objective  1.2.  Determine  if  debris  is  RCRA  hazardous  waste  based  on  toxicity 
characteristics. 

Data.  Data  were  generated  from  the  debris  that  resulted  from  the  firing  activities  at  USMA,  Fort 
Knox,  and  ATC.  The  data  consisted  of  composite  SACON  samples  taken  at  the  conclusion  of 
the  demonstration  to  characterize  the  SACON  for  disposal  (table  5-2)  and  of  samples  taken  from 
the  cavities  or  debris  piles  during  the  demonstration  (table  5-3). 
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TABLE  5-2.  USED  SACON  LEAD  CONCENTRATIONS 


Date 

Sampled 

Sample 

No. 

Range  Type 

Sample 

Type 

TCLP 

Lead, 

ppm 

Fort  Knox 

1 - - 1 

1  rv  ^  /•m 

98-2702 

98-2703 

98-2704 

98-2705 

98-2706 

98-2707 

98-2708 

98-2709 

98-2710 

98-2711 

98-2712 

98-2713 

98-2714 

98-2715 

98-2716 

98-2717 

98-2718 

98-2719 

98-2720 

98-2721 

98-2722 

98-2723 

98-2724 

98-2725 

98-2726 

98-2727 

98-2728 

98-2729 

98-2730 


USMA 


18  Jun  98  806336 


AU 


0.366 

0.293 

0.374 

0.262 

0.328 

0.442 

0.295 

0.262 

0.230 

0.807 

0.679 

0.260 

0.368 

0.332 

0.277 

0.856 

0.301 

0.359 

0.285 

0.233 

0.253 

0.238 

0.240 

0.226 

0.392 

0.426 

0.410 

0.314 

0.239 


Debris 


ND 


ND  =  Nondetect. 
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TABLE  5-3.  LEAD  CONCENTRATIONS  IN  CAVITY/DEBRIS  SAMPLES 


Date 

Sampled 


21  Apr  97 


29  Apr  97 


12  May  97 


29  May  97 


14  Nov  97 


10  Oct  97 


15  Nov  97 


12  Dec  97 


23  Mar  98 


Sample  No. 


9704164-01 


9704164-07 


9705005-01 


9705005-07 


9705113-01 


9705113-07 


9706023-01 


9706023-07 


2238 


2241 


2240 


2239 


2243 


2242 


20588 

20589 

20590 

20591 


20665 


2 


20667 


20668 


20762 

20763 

20764 

20765 

20760 

20761 


TCLP 

Range 

Sample  Total 

Lead, 

Type 

Firing  Position  No. 

Type  Lead,  ppm 

ppm 

USMA 


56L 

56L 

56R 

CPQC  R6  wall 
CPQC  target  No.  5 
stack 

ATC 


21462 

25  Meter 

Reformulated 

Recycled 

Large  block 

21465 


21466 


21467 


Large  block 

Reformulated 

Recycled 


Debris 


20,540 

20,784 

19,098 


NR  =  Not  recorded. 


Assessment.  A  primary  consideration  in  determining  RCRA  handling  requirements  is  the  waste 
classification  of  the  range  debris.  Of  particular  concern  is  the  amount  of  leachable  lead  that  is 
present  in  the  waste  material.  The  amount  of  leachable  lead  present  is  determined  by  conductmg 
EPA  Test  Method  1311  (Toxicity  Characteristic  Leaching  Procedure)  (CFR  Part  261)  (ref  1 1, 
app  2).  If  the  leachate  solution  from  the  TCLP  test  contains  less  than  5  milligrams  of  lead  per 
liter  the  waste  is  not  considered  a  hazardous  waste  and  can  be  disposed  of  as  a  solid  waste  by 
burial  in  a  conventional  landfill  after  the  debris  has  been  rendered  safe  with  respect  to  explosives 
and  incendiaries  (ref  DOD  Directive  4160.21-M-l,  The  Defense  Demilitarization  Manual, 

1  Oct  91).  If  the  leachate  contains  more  than  5  milligrams  per  hter  of  lead,  the  waste  is 
considered  a  hazardous  waste  and  generates  additional  storage,  handling,  reporting,  and  dis|msal 
requirements.  The  production  of  a  solid  waste  product  as  opposed  to  a  hazardous  waste  product 
reduces  the  administrative  load  significantly,  creates  safer  material  handling  operations,  poses 
less  of  a  threat  to  the  environment,  and  reduces  disposal  costs. 

The  mayimiim  theoretical  lead  concentration  in  the  TCLP  leachate  can  be  estimated  from  the 
total  lead  concentration  in  the  solid  sample  (EPA  Method  131 1).  The  maximum  theoretical 
concentration  in  the  leachate  (mg/L)  is  estimated  by  dividing  the  total  concentration  of  the  lead 
in  the  solid  portion  (mgdcg)  by  20  (EPA  902-B94-001)  (ref  1).  The  actual  TCLP  lead 
concentrations  derived  from  the  SACON  debris  and  cavity  samples  were  much  lower  than  the 
estimated  levels.  For  example,  a  debris  sample  collected  at  USMA’s  25-Meter  Range  position 
No.  20  had  concentrations  of  17,700  mg/L  total  lead  and  0.02  mg/L  TCLP  lead.  The  lower 
TCLP  levels  are  believed  to  be  created  through  the  transformation  of  elemental  lead  debns  mto 
less-soluble  corrosion  products  through  exposure  to  the  SACON  on  the  range. 

All  of  the  samples  taken  from  SACON  barriers  that  were  not  covered  resulted  in  TCLP  lead 
concentrations  less  than  the  hazardous  waste  criterion  of  5  mg/L.  Samples  from  SACON  debns 
that  were  removed  from  the  range  shortly  after  shooting  frequently  resulted  in  TCLP 
concentrations  in  excess  of  hazardous  waste  limits.  The  USMA  debris  samples  from  the 
25-Meter  Range  covered  positions  No.  17  and  19  had  a  higher  total  lead  concentration  but  a 
much  lower  TCLP  lead  concentration  at  the  end  of  the  demonstration.  This  phenomenon  could 
possibly  be  attributed  to  time  and  moisture  content  requirements  for  the  corrosion  process  to 

occur. 
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5.1.3  Objective  1.3.  Assess  the  effect  of  SACON  bullet  traps  on  range  soil  erosion. 

Data.  A  picture  of  a  typical  erosion  trough  created  over  an  undetermined  length  of  time  by 
bullet  impacts  is  shown  in  Figure  5-5.  Figure  5-6  shows  a  SACON-filled  trench  at  USMA  after 
16  months  of  use  on  the  ARF  Range. 


Figure  5-5.  Typical  erosion  trough 

before  SACON  installation. 


Figure  5-6.  Typical  erosion  trough 
16  months  after  SACON 
installation. 


During  the  demonstration,  the  Range  Supervisors  were  asked  to  answer  the  following:  The  use 
of  SACON  significantly  decreases  the  beaten  zone  around  the  targets.  The  question  (No.  2a) 
was  presented  on  the  Range  Manager  Survey  Form.  Answers  were  to  range  from  -5  to  represent 
strong  disagreement  through  5  to  represent  strong  agreement.  Both  USMA  and  Fort  Knox 
responses  to  the  Range  Inspection  Survey  question  No.  2a  have  been  combined,  summarized, 
and  included  as  Figure  5-7. 
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Histogram  for  Part  2a  Responses 

Avg  =  1 .86,  Std  =  1 .53,  N  =  1 1 
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(-  5  Strongly  Disagree.  0  Neither  Disagree  nor  Agree,  +  5  Strongly  Agree) 

Figure  5-7.  Responses  to  Range  Inspection  Survey  question  No.  2a. 

Assessment.  During  the  demonstration,  the  Range  Managers  at  both  USMA  and  Fort  Knox  had 
a  tendency  to  be  in  agreement  with  question  No.  2a,  noting  a  decrease  m  erosion  as  a  result  ot 
using  SACON.  At  the  conclusion  of  the  demonstration,  range  personnel  at  Fort  Knox’s  AFF, 
ARF  and  CPQC  Ranges  were  asked  the  following  question:  In  your  opinion,  how  did  the  use  of 
SACON  block  affect  soil  erosion  on  your  firing  range?  The  CPQC  Range  Manager  did  not  think 
SACON  affected  erosion  greatly  and  mentioned  a  difficulty  in  growing  grass  over  the  covered 
blocks.  The  ARF  Range  Manager  indicated  no  difference  in  erosion  after  the  destruction  of  the 
SACON  backstops.  The  AFF  Range  Manager  indicated  erosion  was  reduced  in  front  of  targets 
and  noted  soil  replenishment  was  less  frequent.  From  the  limited  data  and  ATC’s  range 
observations,  it  appears  SACON  reduced  erosion  on  the  ARF,  AFF,  and  CPQC  courses  The 
best  performance  was  observed  where  SACON  was  buried  in  the  impact  paths  (fig.  5-6)  or 
buried  in  the  berm  in  front  of  the  target.  Relatively  rapid  wear  requiring  frequent  mainten^ce 
was  observed  on  the  majority  of  the  above-ground  backstops  on  the  ARF,  AFF,  and  CPQC 
Ranges. 

5.1.4  Objective  1-4.  Assess  the  effect  of  SACON  bullet  traps  on  target  protection. 

Data.  Photographs  were  taken  periodically  throughout  the  demonstration  period  at  Fort  Knox 
and  USMA.  Figure  5-8  shows  a  typical  target  protection  scenario  in  which  SACON  blocks  were 
partially  buried  immediately  in  front  of  the  target  coffin.  Figure  5-9  provides  an  example  of  the 
target  protection  provided  by  SACON  near  the  completion  of  the  demonstration  at  USMA. 
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Figure  5-8.  Target  protection,  ARF  -  USMA. 


Figure  5-9.  Target  protection,  ARF  -  USMA,  September  1998. 


The  Range  Supervisors  were  asked  to  answer  the  following  question:  Compared  to  other  firing 
lanes,  SACON  significantly  improves  protection  to  the  target  coffin.  The  question  (No.  2b)  was 
presented  on  the  Installation  Range  Manager  Survey  Form.  Answers  were  to  range  firom  -5  to 
represent  strong  disagreement  through  5  to  represent  strong  agreement.  A  summary  is  presented 
as  Figure  5-10. 
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Histogram  for  Part  2b  Responses 
Avg  =  0.64,  Std  =  2.24,  N  =  11 


Part  2b  Question 


(-  5  Strongly  Disagree,  0  Neither  Disagree  nor  Agree,  +  5  Strongly  Agree) 


Figure  5-10.  Response  to  Range  Inspection  Survey  question  No.  2b. 


Assessment.  During  the  demonstration,  three  range  supervisors  responded  that  S  ACON 
improved  target  protection  when  compared  to  other  firing  lanes.  Both  responses  from  USMA 
agreed  that  SACON  increased  target  protection.  The  responses  generated  by  Fort  Knox’s  CPQC 
Range  personnel  were  mixed:  two  negative,  four  neutral,  and  one  positive  response.  Fort 
Knox’s  AFF  Range  Manager  submitted  neutral  responses.  With  such  a  small  sample  size,  it  is 
difficult  to  make  a  definitive  assessment  of  whether  SACON  provides  more  durable  protection 
for  the  target  coffin  than  conventional  wooden  barriers.  The  responses  tended  towards 
neutrality.  With  both  negative  responses  being  generated  at  a  CPQC  Range,  the  effectiveness  of 
the  SACON  with  a  density  of  70  Ib/ft^  is  questionable. 

One  hundred  percent  of  the  range  manager  responses  (11)  indicated  no  damage  to  the  target 
coffin  or  operating  mechanism.  This  is  supported  by  a  disagreement  with  question  No.  2c: 

Is  there  evidence  of  damage  to  the  target  coffin  and/or  operating  mechanism? 

Assuming  adequate  maintenance,  it  can  be  stated  with  confidence  that  SACON  provided 
adequate  target  coffin  protection.  This  conclusion  was  made  based  upon  ATC  observations 
throughout  the  demonstration  period  at  both  USMA  and  Fort  Knox. 

5.1.5  Objective  2.1,  Determine  the  nonrecurring  costs  associated  with  SACON  bullet 
traps. 

Data.  Nonrecurring  costs  associated  with  the  use  of  the  SACON  technology  are  incurred  during 
manufacturing,  site  evaluation,  site  preparation,  and  installation.  For  this  portion  of  the  analysis, 
a  20-lane,  25-Meter  Range  was  assumed. 
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Manufacturing.  The  production  of  SACON  is  done  with  conventional  materials  and  involves 
construction  equipment  and  tools  that  are  available  to  any  contractor  making  cellular  or  foamed 
concrete.  The  cost  of  SACON  can  best  be  examined  by  looking  at  the  cost  of  the  labor  and  the 
rental  or  amortized  cost  of  the  required  equipment.  Labor  rates  used  for  the  manufacturing  cost 
estimate  were  taken  from  the  Construction  Engineering  News  Record  (ref  66).  SACON  is  an 
imusual  concrete  product  in  that  the  use  of  concrete-finishing  equipment  and  skilled  labor  are 
typically  not  required  and  the  formwork  can  be  kept  to  a  minimum.  This  analysis  of  cost 
assumes  that  10-cubic-yard  batches  of  SACON  are  made  and  that  basic  block  shapes  are  being 
manufactured  by  casting  and  cutting  a  slab  into  the  required  block  sizes. 

Table  5-4  presents  estimates  of  the  costs  of  labor  and  equipment  (based  on  rental  or  life-cycle 
cost  for  the  major  equipment)  involved  in  manufacturing  SACON  blocks.  An  explanation  of  the 
data  contained  in  Table  5-4  is  provided  after  the  table. 


TABLE  5-4.  ESTIMATE  OF  COSTS  FOR  LABOR  AND  EQUIPMENT  FOR 
MANUFACTURING  SACON  BLOCKS  (10  YD^) 


Tasks 


Use  of  transit  mixer  and  operating  crew 


Labor  cost  for  crew  involved  in  addition  of  foam  and  fiber 
One  skilled  laborer  -  2  hr  at  $29.48/hr 


Two  unskilled  laborers  -  2  hr  each  at  $22.55/hr 


Equipment  costs  for  foam  generator  (30-min  operation) 


Mixing  Subtotal 


Labor  cost  for  crew  preparing  form  work 
One  skilled  laborer  -  4  hr  at  $29.48/hr 


One  imskilled  laborer  -  4  hr  at  $22.55/hr 


Expendable  materials  cost  for  production  of  formwork 


Formwork  can  be  used  in  up  to  six  casting  operations 
Cost  for  single  use  is  0.167  x  335.00 


Forming  Subtotal 


Labor  cost  for  crew  involved  in  placing  and  leveling 

SACON  in  forms _ _ _ 

One  skilled  laborer  -  2  hr  at  $29.48/hr 


Two  unskilled  laborers  -  2  hr  each  at  $22.55/hr 


Materials  cost  for  curing  (curing  compound) 


Placing  and  Leveling  Subtotal 


Total  Cost)  $ 


550.00 


175.16 


TABLE  5-4  (CONT’D) 


Tasks 

Total  Cost,  $ 

Labor  cost  for  crew  cutting  SACON  blocks 

One  skilled  laborer  -  4  hr  at  $29.48/hr 

117.92 

Two  unskilled  laborers  -  4  hr  each  at  $22.55/hr 

180.40 

Equipment  cost  for  concrete  cutting  saw,  $102/day 

102.00 

Catting  Subtotal 

400J2 

Total  ”1 

1799.84 

The  SACON  mixing  is  a  three-person  operation  conducted  by  one  skilled  worker  (foreman)  and 
two  unskilled  laborers.  Specialized  equipment  required  for  the  operation  includes  a  transit  mixer 
and  a  foam  generator  pump.  The  cost  of  the  transit  mixer  ($550)  represents  die  cost  of  cleamng 
the  truck;  proportioning  the  cement,  stabilizer,  sand,  and  water  into  the  transit  mixCT; 
transportation  charges  to  move  from  the  batch  plant  to  the  casting  site;  and  approximately 
4  hours  of  time  for  use  of  the  truck  and  operator.  A  modem  transit  mixer  truck  can  efficiently 
blend  10  cubic  yards  of  SACON.  As  a  note,  approximately  3  cubic  yards  of  SACON  are 
required  per  25-Meter  Range  barrier. 

The  entire  mixing  operation  from  setup  to  moving  the  tmck  to  the  formwork  can  be 
accomplished  in  approximately  2  hours.  The  track  operator  is  also  an  active  part  of  Ihe  mixmg 
crew  but  the  labor  costs  are  embedded  in  the  cost  of  using  the  transit  mixer.  In  addition  to  the 
track  operator,  one  skilled  laborer  and  two  unskilled  laborers  are  necessary  to  add  foam  and  fiber 
to  the  mixture.  The  labor  cost  incurred  to  add  foam  and  fiber  to  the  mixture,  excluding  the  track 
operator,  is  approximately  $150.  A  foam  generator  is  necessary  to  add  foam  to  the  mixture. 
Foam  generator  pumps  are  typically  used  by  cellular  concrete  contractors  and  generally  are  not 
an  equipment  rental  item.  A  conventional  machine  such  as  Cellular  Systems  model  No.  680-8 
sells  for  approximately  $7000,  but  the  life-cycle  service  for  these  units  is  over  ten  years. 
Assuming  use  of  the  unit  by  the  installation  to  solely  support  the  manufacture  of  SACON,  a 
ten-year  equipment  life,  and  an  interest  rate  of  3.65  percent,  the  annual  cost  for  the  foam 
generator  is  $848  (ref  61).  Assuming  after  initial  installation  a  high-use,  20-lane,  25 -Meter 
Range  requires  60  cubic  yards  of  SACON  to  refurbish  worn  barriers  annually,  the  cost  per 
10  cubic  yards  for  the  generator  is  $141.  The  foam  generator  is  needed  fw  oidy  30  minutes 
during  the  manufacturing  process.  The  cost  of  using  the  umt  on  a  single  job,  including  the  minor 
amount  of  fuel  and  lubricant  utilized,  amounts  to  approximately  $5  in  actual  expenses. 

The  most  economical  way  to  form  SACON  is  to  make  a  slab  using  a  fimne.  The  slab  is  then  cut 
into  blocks  of  desired  sizes.  Assuming  that  the  blocks  are  6  inches  thicl^  approximately 
540  square  feet  of  formwork  is  required.  The  labor  and  material  producing  the  framing  are 
estimated  at  approximately  $380.  The  framing  can  be  reassembled  after  the  slab  is  cast  and  used 
in  the  manufacture  of  additional  blocks.  Generally,  the  framing  material  can  be  reused  six  times 
before  it  must  be  replaced. 
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Since  SACON  is  a  self-leveling  mixture,  finishing  costs  are  less  than  with  conventional  concrete. 
Typically,  the  foamed  concrete  is  placed  in  the  formwork  and  flows  to  form  a  level  surface.  The 
top  of  the  slab  is  removed  with  a  screed  and  no  further  finishing  is  required.  When  the  foamed 
concrete  reaches  an  initial  set,  a  curing  compound  is  sprayed  over  the  exposed  surface.  The  slab 
must  cure  28  days  before  use.  The  cost  of  leveling  and  treating  the  surface  with  curing 
compoimd  involves  an  estimated  $149  in  labor  and  $26  worth  of  curing  compound. 

The  SACON  slab  is  easily  cut  into  blocks  using  a  concrete  saw.  SACON  has  a  low  density  and 
contains  no  coarse  aggregate;  thus  it  cuts  evenly  and  quickly  with  little  blade  wear.  The  rental 
cost  of  using  a  concrete  saw  is  estimated  at  $102.00  per  day.  Cost  estimates  for  labor  are  based 
on  a  three-person  (one  skilled,  two  unskilled)  cutting  operation  that  takes  4  hours.  Cutting 
and  stacking  the  10  yd^  of  SACON  involves  an  estimated  $400  in  labor  and  equipment  rental. 

The  total  labor  and  equipment  costs  for  producing  a  10-yd^  batch  of  SACON  is  approximately 
$1800  or  $180  per  cubic  yard. 

Tables  5-5  through  5-8  provide  1997  cost  data  for  the  raw  materials  required  to  manufacture 
70  Ib/ft^  (1120  kg/m^)  SACON  and  90  Ib/ft^  (1440  kg/m^)  with  polypropylene-fiber 
reinforcement  and  with  steel-fiber  reinforcement. 

TABLE  5-5.  MATERIAL  COSTS  TO  MANUFACTURE  10  YD^ 

OF  70  LB/FT^  (1120  KG/M^)  POLYPROPYLENE 
FIBER-REINFORCED  SACON 


TABLE  5-6.  MATERIAL  COSTS  TO  MANUFACTURE 
10  YD^  OF  70  LB/FT^  (1 120  KG/M^)  STEEL 
FIBER-REINFORCED  SACON 


Unit  Cost 

Quantity 

Cement 

0.038  $/lb 

71001b 

Sand 

0.017  $/lb 

71001b 

120.70  1 

Foam 

hibsesi 

Stabilizer 

10.25  $/lb 

2.51b 

Fiber,  steel 

0.41  $/lb 

1930  lb 

791.30 

Pigment 

0.87  $/lb 

2131b 

185.31 

1  Total 

1408.73 
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TABLE  5-7.  MATERIAL  COSTS  TO  MANUFACTURE  10  YD^ 
OF  90  LB/FT^  (1 120  KG/M^)  POLYPROPYLENE 
FIBER-REINFORCED  SACON 


Unit  Cost 

Cost,  $ 

Cement 

0.038  $/lb 

369.36 

Sand 

0.017  $/lb 

I^^BI 

Foam 

Ha 

Stabilizer 

10.25  $/lb 

1.61b 

16.40 

Fiber,  polypropylene 

2.39  $/lb 

353.72 

Pigment 

0.87  $/lb 

I^^BI 

Total 

EBI 

TABLE  5-8.  MATERIAL  COSTS  TO  MANUFACTURE 
10  YD^  OF  90  LB/FT^  (1 120  KG/M^)  STEEL 
FIBER-REINFORCED  SACON 


Unit  Cost 

Quantity 

Cost,  $ 

Cement 

0.038  $/lb 

9720  lb 

369.36 

Sand 

0.017  $/lb 

9720  lb 

165.24 

Foam 

mm 

10.24 

Stabilizer 

10.25  $Ab 

1.6  Ib 

16.40 

Fiber,  steel 

0.41  $/lb 

1930  lb 

791.30 

Pigment 

0.87  $/lb 

2921b 

254.04 

Total 

1606.58 

The  total  estimated  costs  (which  include  labor,  equipment,  and  material  costs)  to  produce  10  yd 
of  the  various  SACON  formulations  are  presented  in  Table  5-9. 

TABLE  5-9.  TOTAL  COSTS  TO  PRODUCE  10  YD^ 

OF  SACON 


SACON 

Cost  per  10  yd^ 
produced,  $ 

90  Ib/tf,  steel  fiber 

3406.42 

90  Ib/tf ,  polypropylene  fiber 

2968.84 

70  Ib/tf,  steel  fiber 

3208.57 

70  Ib/ft^,  polypropylene  fiber 

2770.99 
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Transportation  costs  vary  per  locality  and  with  required  shipping  distances  from  the  point  of 
manufacture.  For  estimating  purposes,  the  SACON  was  assumed  to  have  been  manufactured  on 
site.  Transportation  costs  are  thus  embedded  in  the  delivery  of  the  raw  materials. 

Site  preparation  is  considered  to  consist  of  several  stages.  For  estimating  purposes,  the 
procedural  steps  and  associated  labor  and  rental  costs  used  are  those  required  to  construct  a 
20-lane,  25-Meter  Range  at  APG  using  ATC  personnel.  The  first  stage  is  environmental 
planning.  The  proposed  action  must  undergo  the  National  Environmental  Policy  Act  (NEPA) 
review  process.  The  cost  of  the  review  will  vary  greatly  and  is  dependent  upon  the  level  of 
environmental  documentation  required.  For  this  evaluation,  an  assumption  was  made  that 
SACON  was  being  placed  on  an  existing  range  and  that  the  action  could  be  categorically 
excluded  using  Category  Exclusion  Number  A-12  (AR  200-2).  A  NEPA  evaluation  of  this  type 
would  require  an  Environmental  Protection  Specialist  for  approximately  4  hours  at  a  cost  of  $180 
(or  $9  per  lane,  assuming  a  20-lane,  25-Meter  Range). 

Facility  costs  are  incurred  prior  to  the  actual  installation  of  SACON  because  range  drawings  and 
operational  procedures  must  be  modified.  Prior  to  updating  the  maps,  the  locations  of  the 
SACON  barriers  would  need  to  be  surveyed  both  for  mapping  and  to  ensure  proper  placement 
with  respect  to  the  line-of-fire.  The  cost  of  surveying  the  locations  for  20  SACON  barriers  on  a 
20-lane,  25-Meter  Range  is  estimated  to  cost  $1600  (two  surveyors,  20  hours  each,  at  $40  per 
hour)  or  $80  per  lane  of  a  20-lane,  25-Meter  Range.  The  task  of  updating  the  range  drawings  is 
for  one  engineering  technician  to  spend  16  hours  updating  drawings  at  a  cost  of  $640  ($32  per 
lane).  The  task  of  updating  operational  procedures  to  include  installation-specific  SACON 
handling  and  disposal  requirements  is  estimated  to  take  the  Range  Supervisor  16  hours  at  a  cost 
of  $720  ($36  per  25-Meter  Range  lane). 

Prior  to  installation,  site  survey  work  must  be  accomplished  to  ensure  the  location  is  free  of 
utilities.  At  APG,  the  Department  of  Public  Works  (DPW)  charges  $300  to  perform  a 
magnetometer  sweep  for  utility  avoidance.  For  a  20-lane,  25-Meter  Range,  utility  avoidance  is 
estimated  at  $15  per  lane. 

The  steps  to  actually  prepare  the  site  to  accept  SACON  are  simple.  First,  a  piece  of  equipment 
such  as  a  skid  loader  is  rented  to  excavate  approximately  6  inches  of  soil  at  each  25-Meter  Range 
barrier  location.  The  cost  of  the  skid  loader  rental  is  approximately  $200  per  day.  The  labor 
requirements  for  the  excavation  are  one  equipment  operator  and  two  laborers  to  work  for 
approximately  2  hours  per  barrier  position.  The  site  preparation  labor  is  estimated  at 
$180  per  barrier  location.  Utilization  of  the  skid  loader  is  estimated  at  $50  per  lane  on  a  20-lane, 
25-Meter  Range.  Material  requirements  for  each  barrier  position  are  for  1  cubic  yard  of  gravel  at 
$13.55. 

The  installation  of  the  SACON  blocks  involves  the  stacking  of  blocks  in  a  prescribed  pattern. 
Four  laborers  can  perform  the  stacking  operation  in  approximately  2-1/2  hours.  The  labor  cost 
for  stacking  the  blocks  is  estimated  at  $300  per  barrier  position. 

Table  5-10  summarizes  estimates  of  the  cost  of  labor  and  the  cost  of  equipment  (based  on  rental 
for  the  major  equipment)  involved  in  preparing  the  range  for  SACON  installation. 
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TABLE  5- 1 0.  ESTIMATE  OF  COSTS  OF  LABOR  AND  EQUIPMENT  FOR 
PREPARING  A  20-LANE  RANGE  FOR  SACON  INSTALLATION 


SACON  25-Meter  Range 

Total  Cost,  $ 

Site  Evaluation: 

Conduct  NEP  A  evalxiation 

One  environmental  protection  specialist,  4  hr  at  $45/hr 

180.00 

Utilities  sweep 

300.00 

Surveying 

Two  surveyors,  20  hr  each  at  $40/hr 

1,600.00 

Administration; 

Modify  range  drawings 

One  engineering  technician,  16  hr  at  $40/hr  _ 

640.00 

Modify  operational  procedures 

One  range  safety  officer,  16  hr  at  $45/hr 

720.00 

Subtotal 

3,440.00 

Site  Preparation: 

Labor  costs  for  crew  involved  in  grading 

Three  laborers,  2  hr  each  at  $30/hr 

3,600.00 

Equipment  skid  loader 

Five  days  at  $200/day 

1,000.00 

Materials: 

Gravel:  20  vd^  (delivered)  at  $13.55/yd 

271.00 

Subtotal 

4,871.00 

SACON  Installation: 

Stacking  blocks 

Four  laborers  50  hr  each  at  $30/hr 

6,000.00 

Subtotal 

6,000.00 

Total 

14311.00 

Assessment.  Nonrecurring  costs  associated  with  the  use  of  the  SACON  technology  are  incurred 
during  the  manufacturing,  site  evaluation,  site  preparation,  and  installation  processes. 
Nonrecurring  cost  factors  have  been  derived  for  these  processes  based  on  a  scenario  of  installmg 
barriers  on  20  lanes  of  a  25-Meter  Range.  Manufacturing  costs  were  derived  from  a 
10-yd^  batch  production  rate  of  90  Ib/fr,  polypropylene-fiber  SACON.  The  production  rate 
corresponds  to  the  mixing  capacity  of  a  modem  transit  mixer  tmck.  This  mode  of  SACON 
manufacturing  results  in  a  production  cost  of  approximately  $297  per  cubic  yard.  The  90-lb/ft 
density  was  chosen  to  match  the  requirement  for  the  25-Meter  Range  application. 
Polypropylene-fiber  was  chosen  for  both  economic  and  performance  reasons.  Polypropylene 
was  cheaper  to  produce,  was  at  least  as  durable  as  steel-fiber  SACON,  and  eliminated  cuts  and 
abrasions  associated  with  handling  steel  fiber  SACON.  The  manufacturing,  site  evaluatioi^ 
preparation,  and  installation  result  in  a  cost  of  approximately  $1600  per  lane  to  outfit  a  20-lane 
25-Meter  Range  with  SACON  bullet  traps.  Table  5-11  presents  these  nonrecurrmg  cost  factors. 


TABLE  5-11.  S ACON  NONRECURRING  COSTS  FOR 
ONE  25-METER  FIRING  LANE 


Process 

Cost,  $ 

Manufacturing  (3  yd^  90  Ib/ft^  polypropylene) 

891 

Site  evaluation 

172 

Site  preparation 

244 

Installation 

300 

Total 

1607 

The  cost  factors  derived  based  on  the  10-yd^  production  are  representative  of  material 
requirements  for  the  installation  of  S  ACON  on  a  small-  to  medium-sized  25-Meter  Range  or  for 
the  generation  of  replacement  blocks.  For  larger  ranges,  production  can  be  done  at  the 
250-yd^/day  batch  rate.  At  this  scale,  savings  are  realized  through  reduced  equipment  rental  and 
reduced  labor  requirements  for  mixing.  A  mixer  with  250-yd^/day  capacity  can  be  rented  for 
$1300  per  day.  Three  persons  are  required  for  the  8-hour  operation.  At  this  scale,  the 
manufacturing  cost  for  the  90-lb/ft^,  polypropylene-fiber  SACON  is  reduced  by  approximately 
50  percent  to  approximately  $152  per  cubic  yard. 

5.1.6  Objective  2.2.  Determine  the  recurring  costs  associated  with  SACON  bullet  traps. 

Data.  Recurring  costs  associated  with  the  use  of  SACON  technology  can  be  broken  into  three 
categories:  maintenance,  waste  management,  and  SACON  manufacturing.  Table  5-12  presents 
estimates  of  recurring  costs  associated  with  the  operation  of  a  20-lane,  25-Meter  Range  with  one 
firing  point  per  lane.  A  high-use  range  scenario  was  assumed  with  an  annual  bxillet  throughput 
of  30,000  M855  roimds  per  lane.  Labor  costs  were  based  upon  labor  rates  at  ATC.  An 
explanation  of  the  data  contained  in  Table  5-12  is  provided  after  the  table. 


TABLE  5-12.  25-METER  RANGE  ESTIMATED  RECURRING  COSTS 
FOR  A  20-LANE,  fflGH-USE  25-METER  RANGE 


SACON  25-Meter  Range 

Total  Annual  Cost, 

$  per  Lane 

Maintenance: 

Training 

Four  range  workers,  10  hr  each  at  $30/hr 

1,200.00 

Preventive  maintenance  checks  and  services  (PMCS) 

One  range  worker,  1/2  hr  at  $30/hr  50  wk/yr 

750.00 

Scheduled  service 

Four  range  workers,  4  hr  each  at  $30/hr  80  hr 

38,400.00 

Administrative 

2,000.00 

Subtotal 

42350.00 

86 


TABLE  5-12  (CONT'D) 


SACON  25-Meter  Range 

Total  Annual  Cost, 

$  per  lane 

Waste  Management: 

Environmental  administration 

One  Environmental  Protection  Specialist,  8  hr  at 
$45/hrwk/yr4/yr 

1,440.00 

Samnling  and  analytical  costs 

1,500 

Disposal: 

36,480  pounds  at  $0.08/lb  4/yr 

Materials  (roll-off  dumpster  4/yr) 

11,673.60 

1,648.00 

Subtotal 

16,261.60 

Manufacture: 

Renlacement  blocks  60  yd^  at  $297/yr 

17,820.00 

Subtotal 

17,820.00 

Total 

76,431.60 

Range  operational  costs  associated  with  the  use  of  S ACON  (or  any  bullet  trap)  may  be  incurred 
through  additional  training  requirements,  PMCS,  scheduled  services,  unscheduled  services,  and 
administrative  actions.  Training  costs  can  be  further  divided  into  instruction  on  the  operation 
and  maintenance  of  the  SACON  bullet  traps,  occupational  health  training  to  ensure  proper  use  of 
PPE  during  maintenance  actions,  and  environmental  training  to  ensure  proper  waste  handling.  A 
rntnimiiTn  of  fouT  persons  is  required  to  perform  bamer  refurbishment  (stacking/restacking/ 
disposal),  and  thus  these  four  would  require  training.  Assuming  a  Range  Supervisor  has 
previously  been  trained,  he/she  should  be  able  to  provide  2  hours  of  SACON  operational  and 
maintenance  training  at  a  cost  of  $60  per  person  or  $12  per  firing  lane.  The  occupational  health 
training  required  to  support  the  SACON  technology  is  already  necessary  to  support  range 
management  and  no  additional  cost  is  incurred.  However  for  estimating  purposes,  the  cost  of 
providing  4  hours  of  safety  training  to  each  of  the  four  range  workers  is  included.  The  annual 
cost  of  the  safety  training  is  estimated  to  be  $120  per  person  or  $24  per  lane.  The  Installation 
Environmental  Officer  should  be  able  to  provide  environmental  training  for  range  operators.  The 
annual  cost  of  4  hours  of  environmental  training  is  estimated  to  be  $120  per  person  or  $24  per 
firing  lane.  Annual  environmental  training  would  cover  RCRA  and  stormwater  management 
issues  and  would  be  necessary  aimually  as  a  refresher  for  the  range  workers.  The  total  cost  of 
the  training  requirement  to  support  the  operation  and  maintenance  of  a  20-lane,  25-Meter 

Range  is  estimated  to  be  $1200. 

The  PMCS  requirements  for  SACON  technology  are  minimal.  A  30-minute  weekly  PMCS 
should  suffice.  For  the  most  part,  PMCS  would  consist  of  a  visual  inspection  to  determine  the 
condition  of  the  barrier.  As  a  scheduled  maintenance  cycle  approaches,  depth-of-penetration 
measurements  would  be  necessary  to  ensure  the  barriers  have  not  worn  past  two-thirds  of  the 
wall  depth.  Using  a  cost  of  $30/hour  for  50  inspections  per  year,  the  annual  cost  equates  to 
$750. 
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Scheduled  services  for  a  25-Meter  Range  with  an  annual  usage  rate  of  30,000  rounds  fired  at  a 
single  target  location  within  the  lane  would  occur  quarterly.  The  maintenance  task  would 
consist  of  removal  of  debris  and  replacement  of  worn  blocks.  The  task  requires  four  persons  and 
an  estimated  4  hours  per  lane  or  80  hours  for  one  20-lane  range  maintenance  event.  Using  a 
$30/hour  labor  rate,  the  annual  cost  of  scheduled  service  is  estimated  at  $38,400. 

Administrative  costs  related  to  operation  and  maintenance  include  ordering  supplies,  planning, 
and  maintaining  PPE.  Annual  administrative  labor  is  estimated  at  $2000. 

The  maintenance  cost  for  training  and  labor  (excluding  material  costs)  to  maintain  S  ACON 
bullet  traps  on  a  20-lane  range  is  estimated  to  be  $42,350. 

Waste  management  tasks  include  administration,  waste  handling  and  storage,  and  waste  disposal. 
Administratively,  the  Installation  Environmental  Officer  must  ensure  that  a  proper  and  legal 
disposal  mechanism  exists  for  lead-contaminated  concrete  waste  and  that  required  training  is 
accomplished  to  enable  proper  waste  handling  and  disposal.  The  admimstrative  burden  on  the 
installation  environmental  staff  to  audit  operations,  modify  management  plans,  and  approve 
waste  turn-ins  is  estimated  at  one  day  per  quarterly  service,  which  equates  to  an  annual  cost  of 
$1440.  Sampling  and  analytical  costs  are  estimated  to  cost  $1 500  aimually.  Waste  disposal 
costs  vary  per  locality  and  are  dependent  upon  waste  classification.  The  bulk  disposal  rate 
(1999)  for  lead-contaminated  concrete  classified  as  a  solid  waste  at  APG  is  $0.08  per  poimd 
(ref  66).  At  APG,  lead-contaminated  concrete  classified  as  RCRA  hazardous  by  Code  DOl  1 
Oead)  costs  $0. 12  per  pound  for  bulk  disposal.  Materials  required  to  support  bulk  disposal 
include  a  roll-off  dumpster.  A  $400-dollar  delivery  charge  and  a  $12-per-day  rental  charge  are 
applied  for  its  use.  Transportation  costs  are  included  in  these  disposal  quotes.  The  equivalent  of 
ei^t  blocks  is  estimated  to  be  disposed  of  as  a  result  of  quarterly  S  ACON  maintenance  on  each 
lane  of  a  25-Meter  Range.  As  a  result  of  the  nonhazardous  characteristic  of  the  waste  exhibited 
during  the  demonstration,  the  nonhazardous  bulk  rate  of  $0.08  per  pound  was  chosen  for 
estimating  purposes.  Eight  full  blocks  weigji  approximately  1 824  pounds,  which  disposed  of  at 
$0.08  per  pound  results  in  a  quarterly  cost  of  $146.  Quarterly  material  cost  would  include  a 
$400  delivery  fee  and  $12  rental  fee  for  a  roll-off  dumpster.  For  the  20-lane  range,  the  annual 
waste  disposal  cost  is  estimated  to  be  $13,321.  The  total  annual  waste  management  cost  for  the 
20-lane  outdoor  range  is  estimated  to  be  $16,261. 

Using  a  cost  of  $297  per  cubic  yard  and  the  need  for  3  cubic  yards  to  produce  enough 
replacement  blocks  to  support  scheduled  maintenance  requirements  for  each  firing  lane,  an 
annual  manufacturing  cost  of  $891  is  estimated  per  firing  lane.  This  results  in  an  annual 
SACON  replacement  cost  of  $17,820  for  the  20-lane  range. 
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Assessment.  Recurring  costs  associated  with  the  use  of  S  ACON  technology  were  broken  into 
three  categories:  operation  and  maintenance,  waste  management,  and  SACON  manufacti^g. 
Cost  factors  have  been  derived  for  these  recurring  cost  categories.  The  factors  were  calcul^d 
assuming  a  20-lane,  25-Meter  Range  with  an  annual  throughput  of  600,000  M855  bullets.  This 
equates  to  30,000  rounds  fired  at  a  single  target  area  on  each  lane.  Table  5-13  presents  these 
recurring  cost  factors  associated  with  installing  SACON  on  1  lane  of  the  20-lane,  25-Meter 
Range. 


TABLE  5-13.  RECURRING  COSTS  FOR  ONE 
LANE  OF  A  25-METER  FIRING  RANGE 


Operation 

Annual 
Cost,  $ 

Maintenance 

2118 

Waste  management 

813 

SACON  manufacturing 

891 

Total 

3822 

5.1.7  Objective  3.1.  Determine  if  SACON  buUet  traps  produce  ricochets. 

Data.  The  data  generated  at  ATC  included  the  impact  and  exit  velocities,  drag  and  trajectory 
results,  angle  results,  and  ricochet  distance.  The  data  are  presented  in  Table  5-14. 

Assessment.  The  COE  ESC,  Huntsville,  Alabama,  assessed  the  impact  of  using  SACON  as  a 
bullet  trap  upon  the  respective  25-Meter,  ARF,  AFF,  and  CPQC  Ranges'  SDZs.  Figme  5-11 
illustrates  the  generic  SDZ.  The  assessment  was  completed  by  plotting  the  termination  points 
(fig.  5-12  through  5-15)  of  the  ricochet  projectiles  upon  the  appropriate  SDZ  for  small  arms  ^ 
published  in  AR  385-64  (ref  45).  All  ricochets  resultant  from  ATC’s  testing  terminated  within 
the  respective  SDZ. 
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Figure  5-11.  SDZ  diagram. 
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Figure  5-13.  M855  SDZ,  Block  Angles  (degrees)  2,  4,  6,  8, 10. 
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Figure  5-14.  M882  SDZ.  Figure  5-15.  M1911  SDZ. 

Block  Angles  (degrees)  2,  6, 10,  14.  Block  Angles  (degrees)  2,  6,  10,  14. 

The  COE  ESC  determined  that  the  application  of  SACON  on  the  25-Meter,  ARF,  AFF,  and 
CPQC  Ranges  would  not  require  adjustment  of  the  SDZ.  This  assessment  was  based  upon  dry 
weather  testing  by  ATC  and  upon  previous  testing  under  frozen  conditions  conducted  by  WES 
and  COE  ESC.  The  results  of  the  ricochet  assessment  were  sent  to  the  U.S.  Army  Training  and 
Doctrine  Conunand  (TRADOC),  Range  Safety  Program  Manager,  by  COE  ESC  for  certification 
to  use  SACON  blocks  on  the  25-Meter,  ARF,  AFF,  and  CPQC  Ranges. 

5.1.8  Objective  3.2.  Assess  safety  during  installation  and  maintenance  of  the  SACON 
buUet  traps. 

Data.  The  procedures  employed  during  barrier  refurbishment  were  evaluated  from  a  personnel 
safety  perspective.  The  assessment  focused  upon  inhalation  exposures  as  well  as  lifting  and 
handling  requirements.  Table  5-15  provides  mass  data  for  the  various  SACON  block  shapes. 
Table  5-16  presents  the  results  of  industrial  hygiene  monitoring  during  SACON  barrier  removal 
efforts. 
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TABLE  5-15.  MASS  OF  VARIOUS  SACON  OBJECTS 


Object  Type 

Volume, 

ft^ 

Density, 

Ib/ft^ 

Mass, 

lb 

Mass, 

kg 

Full  I-block 

2.53 

90 

227.7 

103.4 

Halfl-block 

1.27 

90 

113.9 

51.7 

8-in.  diameter,  72-in.  long  log 

2.09 

90 

188.5 

85.5 

12-in.  diameter,  30-in.  long  log 

1.96 

90 

176.4 

80.2 

30-in.  long,  10-in.  wide,  6.5-m.  high  block 

1.13 

90 

101.^ 

46.1 

8-in.  diameter,  72-in.  long  log 

2.09 

70 

146.3 

66.4 

30-in.  long,  10-in.  wide,  6.5-in.  high  block 

1.13 

70 

79.1 

35.9 

TABLE  5-16.  INDUSTRIAL  HYGIENE  RESULTS,  BARRIER  REMOVAL  ACTIONS 


Date, 

1997 

Weather 

Operation  Description 

Lead,  mg/m^ 

Exposure 

Category 

WES  PPE 
Required 

WES  ID 
No. 

Exposure 

Limit 

3  Dec 

No  rain,  sun 
No  rain,  sun 

Disassemble  barriers 

0.510 

0.05 

3e 

Mandatory 

PZ970142 

<  .014 

.05 

le 

PZ970141 

PZ970144 

PZ970146 

.016  n 

.05 

le 

4  Dec 

Misty  rain 
Misty  rain  ^ 
Misty  rain 

.043 

.05^ 

2e 

<  .017 

.05 

le 

PZ970145 

Assessment.  Bullets  impacting  SACON  create  debris  consisting  of  SACON  chunks,  dust,  bullet 
slugs,  and  bullet  fragments.  The  dust  contains  both  crushed  SACON  and  lead  particles.  At 
USMA  Range  3,  personnel  performing  the  barrier  removal  action  were  monitored  for  lead 
exposure  It  should  be  noted  that  the  barriers  removed  at  the  conclusion  of  the  demonstration 
had  not  reached  failure  and  thus  would  have  collected  more  bullet  fragments  prior  to  a  bamer 
refurbishment  action  being  necessitated. 

The  USMA  Range  3  removal  action  occurred  over  two  days  and  produced  data  that  illustrated  a 
dependence  of  airborne  lead  concentrations  upon  weather  conditions.  On  3  December  1997,  the 
weather  at  USMA  was  clear  and  sunny  with  no  rain.  The  results  showed  lead  exposures  of  less 
than  0.014  and  0.51  mg/ml  The  0.51-mg/m^  result  is  significant  because  it  indicates  the 
individual  without  PPE  would  have  been  exposed  to  lead  levels  above  the  0.05-mg/m 
permissible  limit  (ref  47).  On  4  December  1997,  USMA  received  a  misty  rain.  The  maxim^ 
lead  exposure  level  recorded  was  about  ten  times  less  than  the  day  before  but  still  close  to  the 

permissible  limit. 

From  visual  observations,  the  amount  of  dust  produced  by  the  barrier  removal  action  was  a 
function  of  the  weather  conditions.  Incorporating  the  wetting  of  the  debris  into  operational 
procedures  would  reduce  the  inhalation  hazard.  However,  the  hazard  reduction  would  not 
eliminate  the  need  for  PPE  to  mitigate  lead  inhalation  hazards. 


103 


Human  engineering  criteria  for  the  design  and  development  of  military  systems,  equipment,  and 
facilities  are  standardized  by  MIL-STD-1472E  (ref  46).  The  purpose  of  this  Military  Standard  is 
to  present  human  engineering  design  criteria,  principles,  and  practices  that  are  to  be  applied  in 
the  design  of  systems,  equipment,  and  facilities.  The  analysis  of  the  lifting  action  required  to 
install  (stack)  and  to  reflirbish  (unstack/restack)  S  ACON  barriers  as  configured  for  use  on  the 
25-Meter  Range  was  derived  from  design  weight  limitations  presented  in  MIL-STD-1472E. 

The  blocks  used  to  form  the  25-Meter  Range  barrier  had  been  cast  into  an  I-shape  (fig.  5-16). 
The  SACON  blocks  were  manufactured  to  achieve  a  density  of  90  Ib/ft^  and  weighed  an  average 
of  228  poimds  (103  kg). 


Figure  5-16.  I-shaped  SACON  block. 


The  design  weight  limits  are  the  maximum  design  weights  allowable  for  one  person  lifting  with 
both  hands,  providing  that  the  object  is  of  convenient  configuration.  These  values  can  be 
doubled  if  the  object  is  conformed  in  a  manner  in  which  a  two-man  lift  can  be  safely  conducted 
with  an  equal  distribution  of  the  load.  Where  three  or  more  persons  are  lifting  simultaneously, 
not  more  than  75  percent  of  the  one-person  value  may  be  added  for  each  additional  lifter, 
provided  that  the  object  is  sufficiently  large  that  the  lifters  do  not  interfere  with  one  another 
while  lifting. 


104 


The  weight  of  the  228-pound  I-shaped  SACON  block  precludes  two  persons  from  lifting  without 
exceeding  the  two-man,  1 12-pound  human  engineering  design  limits.  The  desi^  weight  limits 
are  slightly  exceeded  when  a  four-man  lift  is  utilized;  200  pounds  versus  a  maximum  ^ 
recommended  four-man  lift  of  196  pounds.  The  design  weight  values  have  to  be  modified  for 
situations  requiring  repetitive  lifting.  If  the  frequency  of  lift  exceeds  1  lift  in  5  minutes  or 
20  lifts  per  8  hours,  the  permissible  weight  limits  are  to  be  reduced.  The  reduction  percentage  is 
calculated  by  multiplying  the  lift  frequency  (i.e.,  lifts  per  minute)  by  8.33.  The  installation  and 
refurbishment  of  SACON  barriers  require  repetitive  lifting.  For  example,  32  full  I-blocks 
(228  lb)  and  32  half  I-blocks  (114  lb)  must  be  lifted  in  about  2  hours  to  construct  a  barrier  wall 
on  one  firing  lane  on  the  25-Meter  Range.  Each  member  of  the  four-man  crew  would  make 
48  lifts  in  120  minutes,  which  would  result  in  a  lift  frequency  of  0.4.  The  allowable  design 
weight  would  be  reduced  by  3.33  percent  in  this  scenario,  making  the  maximum  allowable 
foiur-man  lift  190  pounds  (86  kg). 

The  surface  finish  of  SACON  probably  could  be  utilized  to  meet  fiictional  grasp  surface 
requirements  (ref  MIL-STD-1472E  (ref  46))  when  the  blocks  are  dry.  Problems  ensuring  a 
proper  lifting  surface  could  occur  if  the  blocks  become  wet  either  naturally  or  to  reduce  the  dust 
inhalation  hazard  as  previously  suggested. 

The  PPE  recommended  based  on  these  data  would  include  an  appropriate  respirator,  steel-toed 
boots,  safety  glasses,  leather  gloves,  and  coveralls. 


Figure  5-17.  Four-man  lift  -  200-pound  SACON  block. 
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Figure  5-18.  Two-man  lift  -  100-pound  SACON  block. 


5.1.9  Objective  4.1.  Assess  the  maintainabili^  of  the  SACON  bullet  traps. 

Data.  Qualitative  data  were  collected  to  assess  the  maintainability  of  SACON  bullet  traps. 
During  the  demonstration.  Range  Supervisors  were  asked  the  following:  Compared  to  other 
firing  lanes,  SACON  provides  a  marked  reduction  in  range  downtime.  The  responses  are 
presented  as  Figure  5-19. 


Histogram  for  Part  1  Responses 
Avg=0.21,Std=1.98,  N  =  7 


(-  5  Strongly  Disagree,  0  Neither  Disagree  nor  Agree,  +  5  Strongiy  Agree) 


Figure  5-19.  Range  Inspection  Survey  maintainability  responses. 
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At  the  conclusion  of  the  demonstration,  the  Fort  Knox  Range  Supervisors  were  asked  the 
following  questions  related  to  maintainability: 

(1)  Are  there  any  maintenance  problems  associated  with  the  use  of  SACON? 

(2)  In  your  opinion,  were  the  SACON  firing  lanes  more  difficult,  easier,  or  the  same  to 
maintain?  Explain. 

(3)  In  your  opinion,  how  did  the  maintenance  operations  involving  SACON  differ  from 
standard  maintenance  operations? 

The  responses  varied  by  range  type.  The  Fort  Knox  CPQC  Range  Supemsor  indicated  the 

frequent  shifting  of  the  blocks  at  the  second  target  as  a  maintenance  problem.  Dmability  ot  the 
70-lb/ft^  SACON  blocks  at  the  second  target  position  was  reduced  by  its  proximity  (16  m)  to  the 
shooter.  In  general,  the  Range  Supervisor  stated  that  the  SACON  fmng  lanes  were  easier  to 
maintain.  He  attributed  this  to  the  fact  that  the  blocks  were  test  cases  and  thus  were  mamtamed 
less  frequently  to  determine  wear  rates.  This  seems  to  indicate  the  blocks  may  be  changed  out 
more  frequently  in  actual  use.  Maintenance  differed  using  SACON  in  that  PPE  became  an  issue. 
The  maintenance  of  used  SACON  creates  the  potential  for  lead  inhalation  exposure  and  requires 
the  use  of  PPE  to  mitigate  the  hazard  (para  5h).  This  differed  from  procedures  previously 
employed  to  maintain  wooden  barriers.  Total  lead  concentrations  have  also  been  measmed  m 
wooden  barrier  debris.  It  is  unclear  whether  the  PPE  required  for  the  maintenance  of  SACON 
should  differ  from  the  PPE  required  to  maintain  traditional  wooden  structures.  Lead  inhalation 
would  appear  to  be  an  issue  when  disturbing  the  soil  around  the  wooden  bamers  during 
maintenance  (ref  9). 

The  Fort  Knox  ARF  Range  Supervisor  indicated  the  weight  of  the  individual  blocks  and  the 
associated  dust  made  the  blocks  extremely  difficult  to  rotate  and  manipulate.  This  cogent 
substantiates  the  lifting  and  handling  analysis  presented  in  paragraph  5h.  The  supervisor  stated 
the  effect  upon  berm  maintenance  was  "fantastic".  He  estimated  berm  mamtenance  was  about 
one-third  of  that  for  the  standard  dirt  berm.  He  indicated  in  general  that  more  mamtenance  was 
required  for  SACON  backstops  than  for  logs  and  that  a  forklift  was  required  to  complete  the 

work. 

The  Fort  Knox  AFF  Range  Supervisor  commented  that  the  destruction  of  one  or  two  blocks  in 
the  stack  requires  the  reconstruction  of  the  whole  pUe.  The  blocks  were  too  heavy  and  the  wire 
punctured  the  leather  gloves.  He  indicated  that  the  rearranging  maintenance  action  requires 
many  man-hours  and  personnel  to  perform. 

The  Fort  Knox  25-Meter  Range  Supervisor  commented  that  rearranging  the  blocks  would  be 
labor-intensive. 

The  USMA  ARF  Range  Supervisor  strongly  agreed  with  the  following  statement;  Compared  to 
other  firing  points,  SACON  firing  points  are  easily  maintained. 
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Assessment.  From  the  responses  generated  during  the  demonstration,  it  can  be  stated  only  that 
more  persons  agreed  than  disagreed  with  the  following  statement:  Compared  to  other  firing 
lanes,  SACON  provides  a  marked  reduction  in  range  downtime.  From  the  comments  by  the  Fort 
Knox  Range  Supervisors  at  the  conclusion  of  the  demonstration,  several  consistent 
maintainability  conclusions  can  be  made.  The  weights  of  the  individual  blocks  were  judged  to 
be  too  heavy.  Rearranging  worn  blocks  is  a  labor-intensive  operation  and  is  necessitated  by  the 
failure  of  oriy  two  blocks  within  a  large  stack.  Lead  dust  creates  a  potential  for  lead  inhalation 
exposure  and  thus  must  be  mitigated  through  PPE.  The  wire  used  in  the  manufacture  of  the 
steel-reinforced  SACON  produces  debris  which  sometimes  causes  punctures  through  leather 
gloves,  resulting  in  minor  injuries  to  the  range  workers'  hands  when  handling  the  debris.  In 
general,  more  time  was  spent  maintaining  SACON  backstops  than  in  maintaining  currently  used 
materials.  The  exception  was  in  using  SACON  in  the  berm  in  front  of  target  positions  on  the 
ARF,  AFF,  and  CPQC  Ranges.  An  estimate  of  a  two-thirds  reduction  in  maintenance  time  for 
these  berms  was  made  by  a  Fort  Knox  Range  Supervisor. 

5.1.10  Objective  4.2.  Assess  the  durability  of  the  SACON  bullet  traps. 

Data.  Durability  data  on  the  original  SACON  formulation  were  generated  at  the  USMA’s 
Range  3  and  Fort  Knox’s  Canby  Hill  Range  through  normal  training  operations  at  these 
25-Meter  Ranges.  Depth-of-penetration  measurements  were  taken  periodically  and  correlated 
with  cmnulative  rounds  fired  from  the  firing  position.  The  rounds  fired  versus  depth-of- 
penetration  data  for  USMA  and  Fort  Knox  25-Meter  Ranges  are  presented  as  Figures  5-20 
and  5-21. 


USMA  Durability  Testing 


— Position  1 7 
— Position  18 
— Position  1 9 
Position  20 


Figure  5-20.  Rounds  fired  versus  depth  of  penetration,  USMA. 
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Figure  5-2 1 .  Rounds  fired  versus  depth  of  penetration,  Fort  Knox. 


An  accelerated  durability  test  was  performed  at  ATC.  Figure  5-22  graphically  presents  the 
depth-of-penetration  versus  rounds  fired  data  for  the  recycled  SACON  variant.  Figure  5-23 
graphically  presents  the  depth-of-penetration  versus  rounds  fired  data  for  the  reformulated 
SACON  variant.  Figure  5-24  graphically  presents  the  depth-of-penetration  versus  rounds  fired 
data  for  the  large  SACON  block  variant. 


Durability  Subtest  -  March  1998 
Density  90tbs/cu.ft 


5.56mm  (M855)  Rounds  Fired 

Figure  5-22.  Recycled  SACON  -  depth  of  penetration  versus  rounds  fired. 
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Durability  Subtest  -  M  arch  1998 
Density  90  Ibs/cu.ft 


Figure  5-23.  Reformulated  SACON  -  depth  of  penetration  versus  rounds  fired. 


Durability  Subtest  -March  1998 
Density  90  Ibs/cu.ft 


Figure  5-24.  Large  SACON  block  -  depth  of  penetration  versus  rounds  fired. 
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Shock  Absorbing  Concrete  Demonstration 
Durability  Subtest  -  March  1998 


Figure  5-25 .  Depth-of-penetration  versus  round  count  comparison. 


Assessment.  Two  firing  positions  exist  at  each  firing  lane  as  part  of  the  normal  operation  of 
USMA’s  Range  3  and  Fort  Knox’s  Canby  Hill  Range.  With  the  two-lane  operation,  two  major 
cavities  developed  per  barrier  wall  behind  each  of  the  paper  targets.  Round  counts  were 
collected  for  each  firing  position  with  the  maximum  depth  of  penetration  in  each  barrier  wall 
measured  in  periodic  intervals.  The  curves  presented  in  Figures  5-20  and  5-21  represent  the 
deepest  penetration  in  a  firing  position  barrier  wall  in  either  of  the  two  major  cavities. 

The  accelerated  durability  test  at  ATC  was  used  to  develop  SACON  durability  data  when  a 
25-Meter  Range  SACON  barrier  was  impacted  to  create  a  single  cavity.  This  was  done  to 
determine  a  conservative  number  of  rounds  which  a  25-Meter  Range  barrier  could  receive  before 
a  major  maintenance  action  was  required.  Wear  curves  were  developed  for  each  of  the  three 
SACON  variants  tested  at  ATC. 

In  examining  the  wear  curves  presented  in  Figure  5-25,  several  trends  are  apparent.  Rapid  wear 
occurred  through  the  first  16  inches  of  depth.  This  is  not  surprising  since  a  single  M8 5 5  round 
fired  from  an  M16A2  rifle  at  Fort  Knox  penetrated  3  to  5  inches  into  a  SACON  block  with  a 
density  of  90  Ib/ft^.  After  the  initial  growth  of  the  cavity  developed,  a  noticeable  decrease  in 
block  wear  was  evident.  The  decreased  wear  rate  has  been  attributed  to  an  increasing  wall 
density  created  by  the  accumulation  of  bullets  and  the  compaction  of  SACON  within  the  cavity. 
The  walls  had  an  irregular  but  increasing  wear  rate  after  the  initial  formation  of  the  cavity. 

Rapid  wear  of  the  walls  was  observed  between  5000  and  5100  rounds  fired  in  both 
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the  recycled  and  reformulated  walls.  It  is  important  to  note  that  each  of  the  I-blocks  is 
32  inches  thick  as  measured  in  the  center.  Previous  WES  testing  had  shown  that  as  bullet 
penetration  approaches  the  rear  of  the  block,  spalling  fractures  occur  that  create  susceptibility  for 
rapid  block  failure.  At  5000  rounds,  the  first  column  of  the  recycled  wall  had  been  penetrated  to 
84  percent  of  its  depth.  The  first  column  of  the  reformulated  wall  had  been  penetrated  to 
90  percent  of  its  depth.  The  explanation  of  the  rapid  wear  exhibited  during  the  accelerated 
durability  shoot  is  complicated  by  the  differing  weather  conditions  placed  upon  the  wall  between 
the  5000-  and  5100-shot  group.  The  shooting  of  5000  rounds  was  completed  on  16  March  1998. 
The  walls  had  not  been  exposed  to  rain  up  to  this  point.  Between  16  and  23  March  1998,  the  test 
site  received  3.6  inches  of  rain  Avith  a  total  of  0.35  inch  falling  the  night  of  22  March  1998.  Both 
the  reformulated  and  recycled  walls  were  noticeably  wet  with  the  cavities  containing  a  slurry 
mixture  of  debris. 

Strength  testing  was  conducted  using  procedures  (in  general  conformance  with  American 
Society  for  Testing  Materials  (ASTM  standards)  on  several  S  ACON  samples  to  determine  the 
effect  of  wetting  the  blocks.  Eight  samples  of  reformulated  S  ACON  were  saw-cut  from  a  24-  by 
32-  by  6-inch  block.  The  test  samples  were  weighed  and  then  four  samples  were  immersed  in 
water  for  four  days  to  thoroughly  soak  the  S ACON.  The  soaked  blocks  were  then  reweighed  to 
determine  if  saturation  occurred  or  if  the  closed  cell  structure  prevented  the  absorption  of  water. 
The  samples  were  then  compressed  to  failure  with  a  600,000-pound  capacity  tensile/compressive 
test  machine.  The  blocks  became  heavier,  indicating  the  uptake  of  water.  The  strength  of  the 
previously  submerged  blocks  was  approximately  25  percent  less  than  that  of  the  dry  blocks 
(table  5-17). 


TABLE  5-17.  COMPARISON  OF  REFORMULATED  SACON 
CHARACTERISTICS  -  WET  VERSUS  DRY 


Sample 

Weight, 

Weight  after 

Maximum 

Compressive 

No. 

lb 

Immersion,  lb 

Load,  lb 

Strength,  psi 

1 

16.82 

NA 

42,300 

1,249 

2 

17.34 

NA 

38,900 

1,177 

3 

17.40 

NA 

44,500 

1,313 

4 

17.44 

NA 

49,200 

1,477 

lA 

17.56 

18.60 

35,300 

1,051 

2A 

17.27 

18.09 

36,500 

1,101 

3A 

17.97 

18.79 

29,800 

851 

4A 

17.90 

18.92 

30,800 

901 

NA  =  Not  applicable. 
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The  test  blocks  absorbed  as  much  as  1  pound  of  water  in  the  four-day  soaking  process.  This 
amounted  to  450  mL  for  blocks  No.  1 A  and  4A  and  indicates  that  the  closed  cell  structure  of 
SACON  does  not  prevent  water  saturation.  The  test  blocks  not  soaked  in  water  had  an  average 
compressive  strength  of  1304  psi  versus  976  psi  for  the  water-immersed  blocks.  The  wet 
SACON  had  a  compressive  strength  25  percent  lower  than  that  of  the  dry  SACON.  Smce  the 
compressive  strength  level  of  SACON  correlates  to  the  ease  of  bullet  penetration,  SACON 
becomes  more  easily  penetrated  when  soaked. 

A  reduction  of  the  wear  rate  after  the  5000-  to  5100-shot  group  occurred  for  both  the 
reformulated  and  recycled  walls.  The  rapid  wear  extended  only  1  inch  into  the  second  row  of 
recycled  blocks  and  7  inches  into  the  second  row  of  the  reformulated  blocks  because  of  the 
elimination  of  spalling  effects  and  because  of  the  increased  density  created  by  debns  remammg 
in  the  cavity. 

Table  5-18  summarizes  the  wear  rates  through  8-inch  increments  of  block  depth.  For  the 
recycled  and  reformulated  walls,  8  inches  represented  one-qu^er  of  an  individual  block  depth. 
For  the  large  block  wall,  8  inches  represented  one-third  of  an  individual  block  depth.  Ot 

particular  interest  is  the  difference  in  wear  rates  through  the  column  transition  for  the 

reformulated  and  recycled  walls.  From  field  observations,  the  reformulated  wall  was  stacked 
“tighter”  than  the  recycled  wall.  A  reduction  of  distance  between  the  columns  appears  to  reduce 
the  effects  of  spalling  fractures  and  to  create  a  more  even  wear  rate. 


TABLE  5-18.  WEAR  RATES  VERSUS  BLOCK  DEPTH 


SACON  Variant 

Wall  Depth,  in. 

0  to  8 

8  to  16 

16  to  24  24  to  32 

32  to  40 

40  to  43 

Wear  Rate,  rd/in. 

Recycled 

22.9 

40.0 

501.8 

58.0 

57.5 

533.3 

Reformulated  ~ 

34.3 

40.0 

317.2 

244.0  1 

175.0 

240.0 

Large  block 

31.3 

25.0 

293.8 

244.8 

NA  ^ 

NA 

NA  =  Not  applicable. 


The  durability  data  generated  can  be  used  to  estimate  the  number  of  block  rotations  that  will  be 
necessary  each  year.  A  high-use  25-Meter  Range  shoots  between  20,000  and  30,000  rounds 
from  each  firing  point  yearly  (ref  4).  Accelerated  durabiUty  testing  indicated  that  one  tog 
cavity  in  either  a  reformulated  or  recycled  SACON  barrier  can  receive  7,100  rounds  before  a 
block  rotation  is  necessitated.  If  SACON  were  to  be  utihzed  on  a  25-Meter  Range  with  each 
tog  position  shooting  30,000  rounds,  a  maximum  of  four  block  rotations  per  tog  position 

would  be  required  annually. 
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Demonstrated  usage  of  the  USMA  25-Meter  Ranges  showed  an  average  of  1950  rounds  fired 
from  each  firing  point  over  a  period  of  four  months.  This  equates  to  a  yearly  usage  rate  of 
7800  rounds  per  firing  point.  Range  observations  indicate  that  two  prominent,  distinct  cavities 
develop  behind  the  left  and  ri^t  target  positions  at  each  firing  point.  Additionally,  smaller 
cavities  are  created  near  the  base  of  the  wall  as  a  function  of  the  training  process.  By  equally 
distributing  shooting  between  the  left  and  right  firing  positions,  the  rnnnber  of  block  rotations 
can  be  minimized.  Using  the  annual  rate  extrapolated  for  USMA,  assuming  an  equal 
distribution,  and  utilizing  the  wear  rates  generated  by  the  accelerated  durability  testing  at  ATC, 
block  rotations  are  estimated  to  be  required  every  two  years. 

Demonstrated  usage  of  the  Fort  Knox  25-Meter  Ranges  showed  an  average  of  1170  roxmds  fired 
from  each  firing  point  over  a  period  of  three  months.  This  equates  to  a  yearly  usage  rate  of 
4680  rounds  per  firing  point.  Range  observations  again  indicated  that  two  prominent,  distinct 
cavities  developed  behind  the  left  and  right  target  positions  at  each  firing  point.  Additionally, 
smaller  cavities  were  created  near  the  base  of  the  wall  as  a  function  of  the  training  process.  By 
equally  distributing  shooting  between  the  left  and  right  firing  positions,  the  number  of  block 
rotations  can  be  minimized.  Using  the  annual  rate  extrapolated  for  Fort  Knox,  assuming  an 
equal  distribution,  and  utilizing  the  wear  rates  generated  by  the  accelerated  durability  testing  at 
ATC,  block  rotations  are  estimated  to  be  required  every  three  years. 

5.1.11  Objective  5.1.  Assess  the  distraction  to  the  shooter  caused  by  the  SACON  buUet 
traps. 

Data.  Each  soldier  who  fired  a  weapon  on  a  SACON-outfitted  range  was  asked  to  complete  a 
training  realism  survey.  Three  questions  relating  to  range  distraction  were  asked: 

(1)  The  size  and  location  of  the  SACON  barrier  are  not  significant  distractions  to  the  firer. 

(2)  The  color  and  texture  of  the  SACON  barrier  are  not  significant  distractions  to  the  firer. 

(3)  Rounds  impacting  (noise  or  dust)  the  SACON  barrier  are  not  significant  distractions  to  the 
firer. 

Figures  5-26  through  5-31  are  presented  to  summarize  the  responses  to  these  questions. 
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Frequency  Frequency 


USMA  -  The  size  and  location  of  the  SACON  barrier  are  not 

significant  distractions  of  the  firer. 

553 


-4-3-2-10123 

Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 
■  25M  BARF 

Figure  5-26.  USMA  range  distraction  -  size  and  location. 


Ft.  Knox  -  The  size  and  location  of  the  SACON  barrier  are 
not  significant  distractions  of  the  firer. 

L  »■  -E,  J  -j  -U  Jj  il  ■ 


Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 
■  25M  "AFF  "ARF  ■CPQC 


Figure  5-27.  Fort  Knox  range  distraction  -  size  and  location. 
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Ft.  Knox  -  The  color  and  texture  of  the  SACON  barrier  are 
not  significant  distractions  to  the  firer. 


-5 


-3 


-1 


1 


Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 


I25M 


lAFF 


lARF 


ICPQC 


Figure  5-29.  Fort  Knox  range  distraction  -  color  and  texture. 
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Frequency  Frequency 


USMA  -  Rounds  impacting  (noise  or  dust)  the  SACON 

barrier  are  not  significant  distractions  to  the  firer. 

550 


[se 

jfil 


-5  -4 


-1  0 


Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 
■  25M  BARF 


Figure  5-30.  USMA  range  distraction  -  noise  or  dust. 


Ft.  Knox  -  Rounds  impacting  (noise  or  dust)  the  SACON 
barrier  are  not  significant  distractions  to  the  firer. 


^ii  jIiaI 


-2-10123 

Response  Values 

(-5  Strongly  Disagree.  0  Neither,  5  Strongly  Agree) 
■25M  baff  Barf  bcp^ 


Figure  5-31.  Fort  Knox  range  distraction  -  noise  or  dust. 
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Assessment.  The  average  response  to  the  question  “The  size  and  location  of  the  SACON 
barrier  are  not  significant  distractions  to  the  firer”  was  positive  for  all  ranges,  indicating  a 
general  agreement.  The  size  and  location  of  SACON  barriers  were  not  a  sigmficant  distraction 
to  the  shooter  (table  5-19). 


TABLE  5-19.  SUMMARY  -  SACON  SIZE  AND  LOCATION 


Fort  Knox 
Avg 

Std 

25  M 

1.91 

3.10 

22 

3.32 

2.46 

281 

AFF 

1.39 

2.95 

109 

- 

- 

- 

ARF 

1.08 

2.71 

59 

0.59 

1.89 

756 

CPQC 

3.27 

2.33 

173 

- 

- 

- 

N  =  Number  of  responses. 
Std  =  Standard. 


The  color  and  texture  of  the  SACON  barrier  were  not  significant  distractions  to  the  firer 
(table  5-20). 


TABLE  5-20.  SUMMARY  -  SACON  COLOR  AND  TEXTURE 


Fort  Knox 
Avg 

N 

USMA 

Avg 

Std 

N 

25  M 

1.32 

3.40 

22 

3.26 

2.43 

282 

AFF 

1.74 

2.90 

109 

- 

- 

- 

ARF 

2.89 

59 

0.55 

1.91 

753 

CPQC 

2.14 

173 

- 

- 

- 

Rounds  impacting  (noise  or  dust)  the  SACON  barrier  were  not  significant  distractions  to  the  firer 
(table  5-21). 


TABLE  5-2 1 .  SUMMARY  -  SACON  NOISE  OR  DUST 


Fort  Knox 
Avg 

N 

25  M 

1.50 

3.47 

22 

3.37 

2.47 

282 

AFF 

1.69 

2.78 

109 

- 

- 

- 

ARF 

1.42 

2.64 

59 

0.83 

1.92 

753 

CPQC 

3.25 

2.39 

173 

- 

- 

- 
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5.1.12  Objective  5.2.  Assess  the  down-range  visibility  impact  caused  by  SACON. 

Data.  Each  soldier  who  fired  a  weapon  on  a  SACON-outfitted  range  was  asked  to  complete  a 
training  realism  survey.  Two  questions  relating  to  down-range  visibility  were  asked: 

(1)  The  SACON’s  size  does  not  impact  your  visibility  of  down-range  targets. 

(2)  The  SACON’s  location  does  not  impact  your  visibility  of  down-range  targets. 

Figures  5-32  through  5-35  are  presented  to  summarize  the  responses  to  these  questions. 


USMA  -  The  SACON’s  size  does  not  impact  your  visibility  of 

downrange  targets. 

106  104  204 


4-3-2-101  23 

Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 

I  BARF  ~~ _ 

Figure  5-32.  USMA  down-range  visibility  -  size. 
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Frequency  Frequency 


Ft.  Knox  -  The  SACON’s  size  does  not  impact  your  visibility 

of  downrange  targets. 
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-5  -4  -3  -2  -1  0  1  2  3  4  5 

Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 

■  AFF  BARF  BCPQC 

Figure  5-33.  Fort  Knox  down-range  visibility  -  size. 


USMA  -  The  SACON’s  location  does  not  impact  your 
visibility  of  downrange  targets. 


150 


130 

110 

90 

70 

50 

30 

10 

-10 


208 


-5  -4 


-2-1  0  1  2  3 

Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 


Figure  5-34.  USMA  down-range  visibility  -  location. 
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Ft.  Knox  -  The  SACON’s  location  does  not  impact  your 
visibility  of  downrange  targets. 


-3-2-10123 

Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 


■  AFF  BARP  BCPOC 


Figure  5-35.  Fort  Knox  down-range  visibility  -  location. 


Assessment.  The  SACON's  size  did  not  impact  the  visibility  of  down-range  targets  (table  5-22). 


TABLE  5-22.  SUMMARY  -  SACON  SIZE  EFFECT  ON  VISIBILITY 


Fort  Knox 
Avg 

Std 

N 

USMA 

Avg 

Std 

N 

AFF 

1.83 

2.64 

109 

- 

- 

- 

ARF  ^ 

1.00 

3.12 

60 

1.75 

3.04 

753 

CPQC 

3.62  1 

2.14  ^ 

173^ 

- 

- 

“ 

The  SACON's  location  did  not  impact  the  visibility  of  down-range  targets  (table  5-23). 
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TABLE  5-23.  SUMMARY  -  SACON  LOCATION  EFFECT  ON  VISIBILrrY 


_J 

Fort  Knox 
Avg 

Std 

N 

USMA 

Avg 

Std 

N 

1.82 

mm 

- 

- 

- 

ARF 

0.87 

3.23 

60 

1.51 

3.25 

754 

CPQC 

3.65 

2.19 

173 

- 

- 

5.1.13  Objective  5.3.  Assess  the  ability  of  the  SACON  to  conceal  target  locations. 

Data.  Each  soldier  who  fired  a  weapon  on  a  SACON-outfitted  range  was  asked  to  complete  a 
training  realism  survey.  Two  questions  relating  to  target  concealment  were  asked: 

(1)  The  size  and  location  of  the  SACON  around  the  target  do  not  significantly  aid  target 
identification, 

(2)  The  color  and  texture  of  the  SACON  around  the  target  do  not  significantly  aid  target 
identification. 

Figures  5-36  through  5-39  are  presented  to  summarize  the  responses  to  these  questions. 


USMA  -  The  size  and  location  of  the  SACON,  around  the 
target,  do  not  significantly  aid  target  identification. 

169 

150  - 
130  - 
110  - 
>>  90  - 

I  70- 

O' 

£ 

50  - 
30  - 
10  - 
-10  - 

-5  -4  -3  -2  -1  0  1  2  3  4  5 

Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 

I  BARF  I 


Figure  5-36.  USMA  target  concealment  -  size  and  location. 
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Frequency 


Ft.  Knox  -  The  size  and  location  of  the  SACON,  around  the 
target,  do  not  significantly  aid  target  identification. 

69 

5^-3  -2  -1  0  1  2  3  4  5 

Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 

I  BAFF  BARF  BCPQC 


Figure  5-37.  Fort  Knox  target  concealment  -  size  and  location. 

USMA  -  The  color  and  texture  of  the  SACON,  around  the 
target,  do  not  significantly  aid  target  identification. 
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Figure  5-38.  USMA  target  concealment  -  color  and  texture. 
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Ft  Knox  -  The  color  and  texture  of  the  SACON,  around  the 
target,  do  not  significantly  aid  target  identification. 


-5  -4  -3  -2  -1  0  1  2  3  4  5 

Response  Values 

(-5  Strongly  Disagree,  0  Neither,  5  Strongly  Agree) 


■  AFF  BARF  BCPOC 


Figure  5-39.  Fort  Knox  target  concealment  -  color  and  texture. 


Assessment.  The  size  and  location  of  the  SACON  around  the  target  do  not  significantly  aid 
target  identification  (table  5-24). 


TABLE  5-24.  SUMMARY  -  SACON  SIZE  AND  LOCATION  EFFECT 
ON  TARGET  IDENTIFICATION 


Fort  Knox 
Avg 

Std 

N 

USMA 

Avg 

Std 

N 

AFF 

1.44 

2.47 

109 

- 

- 

- 

ARF 

1.82 

2.67 

60 

1.37 

2.95 

754 

CPQC 

2.70 

2.68 

173 

- 

- 

- 

The  SACONs  color  and  texture  do  not  impact  visibility  of  down-range  targets  (table  5-25). 
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TABLE  5-25.  SUMMARY  -  SACON  COLOR  AND  TEXTURE  EFFECT 

ON  TARGET  VISIBILITY 


Fort  Knox 
Avg 

Std 

N 

USMA 

Avg 

Std 

N 

AFF 

1.82 

2.58 

109 

- 

- 

ARF 

0.87 

3.23 

60 

1.51 

3.25 

754 

CPQC”1 

3.65  n 

2.19 

173 

- 

5.1.14  Objective  6.1.  Determine  the  ability  to  remove  steel  penetrators  and/or  steel  fibers. 

Data.  Data  were  collected  to  determine  an  iron  removal  percentage.  Composite  samples  of  the 
crushed  SACON  were  taken  prior  to  the  magnetic  separation  process.  Composite  samples  were 
also  taken  after  the  blending  of  the  recycled  aggregate.  Table  5-26  presents  the  results  of  lead, 
copper,  iron,  and  zinc  analyses  for  these  samples. 


TABLE  5-26.  RECYCLING  DATA,  STEEL  REMOVAL  EFFICIENCY 


WES  No. 

Process  Sample 

Total,  mg/kg 

Pb 

Cu 

Fe 

Zn 

2273-1 

Before  magnetic  separation 

100.00 

<10.0 

10,109.00 

55.97 

2273-2 

Before  magnetic  separation 

47.35 

<10.0 

8,240.91 

43.94 

2273-3 

Before  magnetic  separation 

71.96 

<10.0 

9,300.39 

50.59 

Average 

Before  magnetic  separation 

73.10 

<10.0 

9,216.77 

50.17 

2266-1 

Blended  aggregate 

446.85 

<10.0 

6,318.21 

47.55 

2266-2 

Blended  aggregate 

89.88 

27.58 

8,612.50 

62.50 

2266-3 

Blended  aggregate 

117.05 

18.20 

8,121.07 

59.00 

2266-4 

Blended  aggregate 

147.35 

67.46 

8,712.43 

68.19 

2266-5 

Blended  aggregate 

163.40 

11.17 

8,653.79 

65.34 

2266-6 

Blended  aggregate 

211.81 

<10.0 

8,985.59 

70.40 

2266-7 

Blended  aggregate 

131.20l 

<10.0 

8,675.40 

65.00 

2266-8 

Blended  aggregate 

111.31 

<10.0  1 

8,861.5r1 

68.65 

2266-9 

Blended  aggregate 

110.67 

<10.0 

6,982.29 

52.10 

2266-10 

Blended  aggregate 

93.27 

<10.0 

7,647.58 

60.23 

2266-11 

Blended  aggregate 

88.22 

<10.0 

6,439.52 

50.20 

2266-12 

Blended  aggregate 

971.00 

117.00 

10,100.00 

63.40 

2266-13 

Blended  aggregate 

1,351.60 

304.69 

7,599.20 

81.54 

2266-14 

Blended  aggregate 

1,597.52 

118.75 

9,071.83 

72.62 

2266-15 

Blended  aggregate 

2,294.27 

210.09 

9,325.98 

78.38 

2266-16 

Blended  aggregate 

877.43 

112.19 

8,911.81 

73.33 
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TABLE  5-26  (CONT'D) 


WES  No. 

Process  Sample 

Total,  mg/kg 

Pb 

Cu 

Fe 

Zn 

2266-17 

Blended  aggregate 

12,770.54 

41,300.00 

7,287.75 

3,973.33 

2266-18 

Blended  aggregate 

2,129.35 

2,474.47 

9,240.34 

2266-19 

Blended  aggregate 

2,321.11 

351.59 

8,213.32 

2266-20 

Blended  aggregate 

752.91 

179.96 

9,163.39 

84.15 

Average 

Blended  aggregate 

1,338.84 

3,484.09 

8,346.18 

274.78 

Pb  =Lead. 
Cu  =  Copper. 
Fe  =Iron. 

Zn  =Zmc. 


Assessment.  A  removal  percentage  of  9.5  was  derived  using  the  average  iron  concentration 
before  magnetic  separation  (9216.77  mg/kg)  and  the  average  iron  concentration  after 
reconstituting  the  aggregate  (8346. 1 8  mg/kg).  Iron  is  a  measurable  commodity  in  portland 
cement  with  concentrations  of  3  percent  typical  (Properties  of  Concrete,  A.M.  Neville,  1973). 
This,  along  with  difficulties  in  collecting  homogeneous  samples,  cast  doubt  on  the  validity  of  the 
removal  percentage.  However,  WES  observed  penetrators  in  the  blended  aggregate.  It  appears 
that  the  95-percent  removal  criterion  was  not  met.  The  95-percent  criterion  was  developed  by 
WES  to  reduce  ricochet  potential.  No  ricochets  were  observed  during  the  accelerated  durability 
shoot  at  ATC.  The  line-of-fire  was  perpendicular  (90°)  to  the  barrier  during  this  test.  The  steel 
penetrators  are  less  than  3/8  inch  in  size  and  would  otherwise  be  allowable  in  the  aggregate  mix. 
Additional  ricochet  testing  should  be  conducted  to  determine  if  removal  of  the  penetrators  is 
necessary. 

5.1.15  Objective  6.2.  Determine  the  ability  to  reduce  toxicity  characteristics. 

Data.  In  order  to  evaluate  the  reduction  of  lead  toxicity,  composite  samples  were  withdrawn 
from  the  recycling  process  immediately  before  magnetic  separation.  At  the  conclusion  of  the 
recycling  event,  a  S ACON  test  cylinder  was  poured.  After  curing,  the  cylinder  was  crushed  and 
analyzed  using  the  TCLP  method  The  TCLP  lead  concentrations  are  presented  in  Table  5-27. 
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TABLE  5-27.  RECYCLING  DATA  -  TOXICITY  REDUCTION 


WES  No. 

Process  Sample 

Total  Pb, 
mg/kg 

TCLP  Pb, 
ppm 

2273-1 

2273-2 

2273-3 

Average 

Before  magnetic  separation 

100.00 

<0.10 

47.35 

<  .10 

71.96  n 

<  .10 

73.10  ^ 

<  .10 

2276.00 

Test  cylinder 

511.00 

.86 

Assessment.  An  examination  of  the  results  indicates  a  negative  toxicity  reduction  mse  results 
are  not  plausible  in  that  no  lead  sources  exist  in  die  materials  mixed  with  the  recycled  aggreg^e 
to  form  SACON.  Nonhomogeneity  of  the  samples  is  the  likely  cause  of  the  faulty  results.  While 
the  results  are  inconclusive,  it  appears  that  a  significant  amount  of  fine  lead  particles  wwe 
present  and  passed  through  the  sieve  set.  The  crushing  process  was  intended  to  flatten  the 
M855  bullet  slugs  to  ensure  removal  by  the  3/8-inch  sieve.  WES’s  visual  observations  of  the 
blended  aggregate  negated  this  assumption. 

5.1.16  Objective  6.3.  Determine  the  ability  to  contain  and  control  lead. 

Data.  Personnel  air  monitoring  was  done  by  WES  to  measure  particulates  and  lead  in  the 
breathing  zone.  The  data  are  presented  in  Tables  5-35  and  5-36.  Wipe  samples  were  taken  by 
WES  after  the  breaking  phase  of  the  recycling  processes.  The  analysis  results  of  the  wipe 
samples  are  presented  in  Table  5-28. 


TABLE  5-28.  RECYCLING  PROCESS  -  SURFACE  WIPE 
SAMPLES,  17  OCTOBER  1998,  SACON  BREAKING 
(JACKHAMMER) 


Sample  Location 

Sample  No. 

Lead 

Concentration, 

mg/kg 

Jackhammer 

WW970102 

1000 

On  pad/plastic  (upwind) 

WW970103 

600 

On  pad/plastic  (downwind) 

WW970104 

490 

On  pad/plastic 

WW970105 

200 

On  pad/plastic 

WW970106 

71 
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Assessment.  Fugitive  lead  dust  emissions  were  measured  in  both  personnel  breathing  zone 
samples  and  the  wipe  samples  from  the  area  adjacent  to  the  SACON  breaking  process.  The  wipe 
samples  cannot  be  compared  to  the  stated  criteria  because  the  surface  area  of  the  wiped  area  was 
not  recorded.  However,  it  is  apparent  that,  over  time,  lead  would  acciunulate  on  the  surfaces 
surrounding  the  recycling  operation.  Unconfined  recycling  operations  would  eventually 
contaminate  the  recycling  site.  Proper  facilities  and  precautions  similar  to  those  required  for 
sandblasting  would  need  to  be  utilized  to  ensure  environmental  compliance  with  the  Clean  Air 
Act. 

5.1.17  Objective  6.4.  Determine  if  the  waste  material  generated  is  a  hazardous  waste. 

Data.  Samples  of  various  waste  components  of  the  entire  waste  stream  were  taken  by  WES  to 
be  analyzed  by  ATC.  The  sample  results  of  the  components  are  presented  in  Table  5-29.  A 
composite  sample  was  taken  by  Defense  Reutilization  and  Marketing  Office  (DRMO)  for  use  in 
characterizing  the  entire  recycling  waste  stream.  The  composite  sample  (No.  806336)  was 
analyzed  by  American  Environmental  Services,  Incorporated.  The  TCLP  lead  result  was  less 
than  the  detection  limit  of  0.05  mg/L. 


TABLE  5-29.  RECYCLING  WASTE  PRODUCTS  -  WASTE 
CHARACTERIZATION  RESULTS 


Sample 

No. 

WES  No. 

Description 

TCLP 

Lead, 

mg/L 

21284 

2271-1 

Lead  No.  8  fraction 

21285 

2271-2 

41.54 

.33  1 

waaEsm 

Lead  No.  4  fraction 

28.67 

mfSEsm 

21288 

221 5-\ 

Lead  post  sieve  576  No.  block 

685.26 

21289 

2268-1 

Lead  fine  fraction 

195.22 

<  .10  1 

21290 

No.  100  fraction 

omi 

21291 

mwasm 

Lead  No.  8  material  576  No.  block 

356.25 

EUil 

21292 

2272-1 

Lead  plus  1  in. 

25.10 

QDl 

21293 

2272-2 

13.37 

<  .10  1 

21294 

2272-3 

KflEMI 

Assessment.  The  waste  fractions  showed  significant  concentrations  of  total  lead.  Using  the  rule 
of  thumb,  these  waste  products  would  be  likely  to  exceed  the  5-ppm  RCRA  hazardous  waste 
criterion.  However,  none  of  the  results  exceeded  5  ppm  with  the  highest  measured  result  being 
0.33  ppm.  The  analytical  results  of  the  waste  materials  indicate  the  waste  products  are  an  RCRA 
solid  waste. 
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5.1.18  Objective  6.5.  Determine  the  ability  to  generate  a  usable  fine  aggregate. 

Data.  The  WES  took  composite  samples  ofthe  blended  aggregate.  The  ATC  sieved  the 

samples  at  laboratory  scale  to  determine  whether  the  recycling  process  produced  an  ^gregate 
that  complied  with  the  Technical  Specification  For  Shock-Absorbing  Concrete  (SACONJ 
(ref  10).  Table  5-30  provides  size-grading  comparisons  of  fine  aggregates  necessary  for 
conformance  with  ASTM  C  33-93  and  ASTM  C  144-89.  Table  5-31  provides  results  of  sievmg 
the  blended  aggregate  produced  by  the  recycling  operation. 


TABLE  5-30.  SIZE-GRADING  COMPARISON  FOR  FINE  AGGREGATES 
SPECIFIED  IN  ASTM  C  33  AND  ASTM  C  144 


1  ASTM  C  33 

ASTM  C  144,  %  Passing 

Sieve  Specification 

%  Passing 

Natural  Sand 

Manufactured  Sand 

3/8-in. 

9.5  mm 

100 

- 

- 

No.  4 

4.75  mm 

95  to  100 

100 

100 

No.  8 

2.36  mm 

80  to  100 

95  to  100 

95  to  100 

No.  16 

1.18  mm 

50  to  85 

70  to  100 

70  to  100 

No.  30 

600  pm 

25  to  60 

40  to  75 

40  to  75 

No.  50 

300  pm 

10  to  30 

10  to  35 

20  to  40 

No.  10^ 

150  pm 

2  to  10 

2  to  15 

10  to  25 

No.  200 

75  pm 

- 

- 

Oto  10 

TABLE  5-3 1 .  SIEVE  RESULTS,  BLENDED  AGGREGATE 


1  Recvcline  Percent  Passing  Sieve  Size  after  Blending  of  Aggregate 

Trial  No. 

9.5  mm 

No.  4 

No.  8 

No.  16 

No.  30 

No.  50 

No.  100 

1  Percentage  of  Total  Mass  Passing  Through  Sieve 

1 

89 

86 

86 

71 

51 

23 

3 

2 

89 

86 

86 

68 

45 

20 

2 

3 

91 

90 

89 

74 

48 

23 

5 

4 

93 

90 

90 

76 

55 

27 

2 

5 

92 

90 

89 

74 

48 

22 

3 

6 

88 

84 

84 

68 

46 

20 

3 

7 

90 

86  n 

85 

68 

44 

20 

7 

8 

88 

84 

84 

70 

41 

16 

2 

9  1 

90 

86 

86 

73  1 

48 

24 

4 

10 

90 

86 

86 

70  I 

45  ^ 

19  1 

3 

11 

90 

86 

86 

75 

42 

21 

5 

12 

91 

87 

86 

76 

41 

21 

4 

13 

93 

90 

90 

80 

42 

22 

4 

14 

93 

91 

90 

82 

40 

23 

6 
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TABLE  5-31  (CONT'D) 


1  Recycling  Percent  Passing  Sieve  Size  after  Blending  of  Aggregate  | 

Trial  No. 

9.5  mm 

No.  4 

No.  8 

No.  16 

No.  30 

No.  50 

No.  100 

15 

95 

93 

92 

83 

35 

18 

4 

16 

93 

90 

33 

17 

4 

17 

93 

90 

80 

35 

17 

3 

18 

92 

89 

89 

35 

19 

4 

19 

95 

92 

92 

lllllgB 

22 

5 

20 

91 

88 

88 

79 

41 

26 

7 

Average 

91 

88 

88 

76 

43 

21 

4 

ASTM  C  33 

100 

95  to  100 

80  to  100 

50  to  85 

25  to  60 

10  to  30 

2  to  10 

%  Deviation 

9 

7 

Met 

Met 

Met 

Assessment.  The  recycling  process  failed  to  produce  an  aggregate  meeting  the  ASTM  C  144  or 
ASTM  C  33  standard.  The  Technical  Specification  for  Shock-Absorbing  Concrete  (SACON) 
requires  conformance  with  ASTM  C  144.  The  objective  was  not  met  because  the  variance  from 
the  specification  exceeded  5  percent.  Results  from  the  sieving  of  samples  taken  from  the 
blended  aggregate  used  to  produce  the  recycled  SACON  showed  9  percent  of  the  material  by 
weight  exceeded  9.5  mm  in  size.  The  criterion  was  developed  by  WES  to  reduce  ricochet 
potential.  No  ricochets  were  observed  during  the  accelerated  durability  shoot  at  ATC.  The  line- 
of-fire  was  perpendicular  (90®)  to  the  barrier  dmmg  this  test.  Additional  ricochet  testing  shoiild 
be  conducted  to  determine  if  the  criterion  is  necessary.  If  larger  particles  of  SACON  do  not 
increase  ricochet  potential  or  decrease  durability  significantly,  the  recycling  process  could  be 
simplified. 

5.1.19  Objective  6.6.  Compare  physical  characteristics  of  recycled  SACON  to  the  originaL 

Data.  The  seven-day  compressive  strength  of  polypropylene-fiber  SACON  made  from  new 
materials  was  determined  to  be  638  psi.  The  strength  of  polypropylene-fiber  SACON  made 
using  recycled  aggregate  was  determined  to  be  997  psi. 

Assessment.  The  compressive  strength  of  the  recycled  sample  was  36  percent  greater  than  that 
of  a  SACON  block  made  from  new  materials.  The  objective  to  produce  a  block  with  less  than  a 
5-percent  deviation  in  physical  properties  was  not  met. 

5.1.20  Objective  6.7.  Determine  the  nonrecurring  (capital)  costs  associated  with  recycling. 

The  unit  operations  that  define  the  recycling  operation  are  defined  in  Chapter  4,  Section  4.32.4. 
Assuming  the  use  of  existing  equipment  supplemented  with  rented  equipment,  no  nonrecurring 
costs  will  be  incurred  by  an  installation  to  conduct  the  storage  and  transportation,  breaking, 
crushing,  magnetic  separation,  sieving,  blending,  remixing,  casting  curing,  or  demolding  and 
transportation  operations  which  constitute  the  recycling  process. 
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5.1.21  Objective  6.8.  Determine  the  recurring  costs  associated  with  SACON  recycling. 

The  recurring  costs  associated  with  SACON  recycling  have  been  summarized  by  WES.  The 
summary  was  based  upon  recycling  1  cubic  yard  of  SACON.  The  data  presented  in  Table  5-32 
are  an  estimate  of  the  cost  of  labor  and  equipment  for  recycling  1  yd  (0.76  m  )  of  SACON 
blocks. 


TABLE  5-32.  RECURRING  COSTS  ASSOCIATED  WITH  SACON  RECYCLING 


Transportation  (assuming  processing  is  done  withm  lU  miles  of 
the  range) 

Truck  rental  1  hr  at  $40/day  and  $0.40  per  mile 

$  9.00 

Driver  1  hr  at  $  18.00/hr 

$  18.00 

$  27.00 

Size  reduction 

Preliminary  cutting  and  resacking 

Two  unskilled  laborers  3  hr  at  $22.55 

$135.30 

Equipment  costs  for  compressor  and  pneumatic 

Hammer  3  hr  at  $105/day 

$39.38 

$174.68 

Crushing 

Two  unskilled  laborers  7  hr  at  $22.55 

$315.70 

Equipment  cost  for  vibratory  roller  with  operator 
7hrat$330/day 

$288.75 

$604.45 

Sieving  and  repackaging 

One  skilled  laborer  10  hrs  at  $29 .48/hr 

$294.80 

Two  unskilled  laborers  10  hr  at  $22.55 

$451.00 

Cost  for  sieve  shaker  operation  10  hr  at  $5.5U/hr 

$  55.00 

$800.80 

Maintaining  safety  and  dust  control  during  operation 
including  personal  protective  equipment 

$525.00 

$525.00 

Disposal  of  Residual  Materials 

Assuming  all  residual  materials  (filters,  protective 
clothing  etc.)  can  be  classed  as  nonregulated  wastes. 
Protective  equipment  and  filters  estimated  at  30  lb. 

Dust  and  nonrecyclable  fines  are  estimated  at  972  lb. 

Cost  of  disposing  of  1002  lb  at  $0.08/lb  plus  materials 

$  80.16 

$  80.16 

Total  Cost  Of  Recycling 

$2,212.09 

Value  of  recovered  materials 
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TABLE  5-32  (CONT'D) 


Value  of  aggregate  produced  in  recycling 

(assuming  60%  of  the  SACON  is  recovered  as  fine  aggregate) 
1958  lb  of  sand  at  $0.017/lb 

$  24.78 

■ 

$  24.78 

Net  Cost  Of  Recycling 

$2,187.31 

The  cost  of  recovering  appropriately  sized  aggregate  from  the  used  S  ACON  blocks  is 
approximately  100  times  the  cost  of  purchasing  new  aggregate  material.  The  cost  to  dispose  of 
2403  pounds  of  SACON  solid  waste  in  bulk  would  be  approximately  $600.  The  cost  is  based 
upon  a  disposal  rate  of  $0.08  per  pound  plus  materials.  Disposal  of  the  used  SACON  as  a  solid 
waste  coupled  with  the  purchase  of  new  aggregate  material  would  be  approximately  75  percent 
cheaper  than  recovering  the  aggregate  material. 

5.1.22  Objective  6.9.  Assess  personnel  safety  during  the  SACON  recycling 
demonstration. 

Data.  A  videotape  of  the  recycling  process  was  made  by  WES. 

Assessment.  A  job  hazard  analysis  (table  5-33)  was  made  based  upon  the  videotape  of  the 
recycling  operation  (ref  56).  The  risks  assigned  were  based  upon  the  potential  severity  of  the 
hazard  and  the  perceived  probability  of  the  accident.  An  explanation  of  the  risk  codes  used  is 
presented  as  Table  5-34  (ref  57). 
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TABLE  5-34.  JHA  RISK  CODE  DEFINITIONS 


1  Hazard  Severity 

Description 

Category 

Mishap  Definition 

Catastrophic 

I 

Death  or  system  loss 

Critical 

II 

Severe  injury,  severe  occupational  illness,  or  major  system 
damage 

Marginal 

III 

Minor  injury,  minor  occupational  illness,  or  mmor  system 
damage 

Negligible 

IV 

Less  than  minor  injury,  occupational  illness,  or  system 
damage 

Probability  of  Accident 

Frequent 

A 

Likely  to  occur  frequently 

Probable 

B 

Will  occur  several  times  during  life  of  item 

Occasional 

C 

Likely  to  occur  sometime  in  life  ot  an  item 

Remote 

D 

Unlikely  but  possible  to  occur  in  life  of  item 

Improbable 

E 

So  unlikely,  it  can  be  assumed  occurrence  may  not  be 
experienced 

5.1.23  Objective  6.10.  Determine  the  adequacy  of  protective  equipment  (PPE). 

Data.  The  industrial  hygiene  results  from  the  air  monitoring  during  the  recycling  process  are 
presented  in  Tables  5-35  and  5-36.  The  exposure  categories  listed  in  Tables  5-35  and  5-36  refer 
to  those  listed  on  DA  Form  4700.  Category  1  indicates  airborne  levels  are  below  permissible 
limits  and  that  no  work  changes  are  necessary.  Category  2  means  airborne  levels  ^e  close  to 
permissible  limits,  necessitating  additional  sampling  and  the  temporary  use  of  respiratory 
protection  during  the  operation.  Category  3  indicates  airborne  levels  are  above  permissible 
limits  and  the  following  actions  should  be  implemented  (where  feasible)  to  prevent 
overexposure; 

(1)  Ventilation  system  improvements  required  (general  and/or  local  exhaust). 

(2)  Engineering  controls  required. 

(3)  Employee  work  practices  need  improvement. 

(4)  Improve  housekeeping. 

(5)  PPE  mandatory  imtil  exposure  is  below  permissible  limits. 
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TABLE  5-35.  WES  RECYCLING  OPERATION,  INDUSTRIAL  HYGIENE  RESULTS 


)ate 

997 


17  Oct 


17  Oct 


WES 

Location 


Operation 

Descripticm 


Exposure 


17  Oct  Hangar  4/  Crushing 

Building  6000 


3  Nov  I  Building  6000  |  Sievmg 

TT 


Exposure 

Categoiy 


le 


2e 


2e 


2e 


2e 


WESPPE 

Required 

Mandatory 


WES 
ID  No. 


PZ  970096 


PZ970097 


PZ970121 


PZ970122 


PZ970117 


PZ970127 


PZ970125 


PZ970113 


PZ970123 


PZ970124 


PZ970115 


PZ970096 


PZ970226 


PZ970116 


TABLE  5-36.  WES  RECYCLING  OPERATION,  INDUSTRIAL  HYGIENE  RESULTS, 

PARTICULATE 


Date, 

WES 

Operation 

Exposure 

WES 

1997 

Location 

Description 

Exposure 

Limit 

Categoiy 

ID  No. 

15  Sep 

Hangar  4 

Crushing/pouring 

le 

PZ97087 

8  Oct 

Building 

6000 

Sieving/shoveling 

le 

PZ97009 

4 

15  Sep 

Hangar  4 

Crushing 

1 

No 

PZ97008 

5 

15  Sep 

Crushing/pouring 

0.10 

0.10 

3e 

Mandatory 

PZ97008 

6 

1  Particulate  Respirable  | 

15  Sep 

Hangar  4 

Crushing 

3e 

Mandatory 

PZ97084  1 

1  Crystalline  Quartz  | 

15  Sep 

Hangar  4 

Crushing 

<0.02 

0.10 

2e 

Mandatory 

PZ97084  1 

1  Cristobalite  | 

15  Sep 

Hangar  4 

Crushing 

<0.05 

0.05 

2e 

Mandatory 

PZ97084  1 

1  Tridymite  | 

1  15  Sep 

Hangar  4 

Crushing 

<0.10 

0.05 

3e 

Mandatory 

PZ97084  1 
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Assessment  The  Health  and  Safety  Plan  developed  by  WES  specified  EPA  Level  the 
working  uniform  for  SACON  recycling.  The  PPE  consisted  of  long-sleeved  shirts  ^d  Ml- 
length  pants,  leather  or  rubber  steel-toed  safety  boots,  optional  hard  hat,  eye  protectioi^  hearmg 
protection  as  required,  disposable  coveralls  providing  full  body  cov^age,  disposable  shoe 
coverings,  and  an  air-purifying  respirator  with  a  TC  21C-155  filter  for  airborne  lead.  After 
reviewing  the  air-monitoring  data,  the  WES  Industrial  Hygienist  recommended  contmumg  with 
this  level  of  PPE  until  exposure  is  shown  to  be  below  permssible  limits.  It  is  important  to  note 
that  the  recycling  activity  was  conducted  using  a  substantial  number  of  unused  blocks.  Thus,  the 
airborne  lead  levels  were  not  worst  case. 


5.2  Technology  Comparisons  ■  t 

SACON,  when  used  in  a  backstop-type  application,  compares  directly  with  conunercial  oft-th  - 
shelf  (COTS)  bullet  traps.  The  function  of  these  COTS  bullet  traps  is  to  stop  the  bullet  and 
contain  the  bullet  debris  within  the  trap.  The  use  of  SACON,  as  weU  as  COTS  bullet  traps,  is 
also  comparable  to  the  use  of  soil  berms  on  ranges.  Soil  berms  are  designed  to  stop  the  fligh  o 
the  bullet.  A  berm’s  ability  to  control  metal  dispersion  and  contain  the  metals  vanes  with  soil 
type  and  berm  shape.  Depending  on  lead  mobility  and  regulatory  constraints  which  may  e 
placed  on  range  operations,  periodic  cleanup  of  metals  deposited  in  the  soil  berms  may  be 

required. 


5.2.1  COTS  BuUet  Trap  Performance  Characteristics 

There  are  a  number  of  different  types  of  bullet  traps  available  on  the  market.  The  bMet  traps 
differ  in  the  manner  in  which  they  reduce  the  kinetic  energy  of  the  bullet  to  stop  its  flight. 
Generally,  bullet  traps  will  accomplish  this  through  three  basic  designs. 


•  Impact.  An  impact-type  trap  will  typically  employ  m  armor  plate  to  stop  Ae  flight  of  Ae 
bullet  on  impact.  This  trap  is  designed  to  stop  the  flight  in  a  manner  that  does  not  result  m 
ricochets  or  backsplatter  back  to  the  firing  line.  Control  and  containment  of  the  metal  debns 
is  not  a  design  factor. 

•  Deceleration.  A  deceleration-type  trap  deflects  the  bullet  into  an  enclosed  chantoer  where  it 
spins  or  impacts  onto  a  series  of  plates  until  the  energy  of  the  round  is  dissipated.  Once  the 
energy  is  expended,  the  bullet  comes  to  rest  in  a  containment  bucket,  where  it  can  be 
retrieved  and  recycled. 

•  Friction  A  friction-type  trap  directly  imparts  fiction  on  the  bullet  to  stop  the  flight  of  the 

bullet  within  the  trap  material.  The  bullet  debris  is  retained  within  the  trap  matenal.  A 

SACON  backstop  is  a  friction-type  trap.  COTS  fiiction  traps  typically  use  vanrms 
configurations  of  rubber  as  the  bullet-stopping  media,  some  of  which  facilitate  the  separation 

of  bullet  fragments  from  the  fiiction  media. 
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In  order  to  assess  the  potential  benefits  of  COTS  bullet  traps  for  range  operations,  AEC  initiated 
a  test  program  concurrently  with  the  SACON  test  program.  Three  of  the  most  popular  COTS 
bullet  traps  were  selected  by  AEC  and  tested  by  ATC  as  part  of  TECOM  Project 
No.  1 -CO- 160-000- 192.  The  traps  selected  for  testing  represented  the  friction  and  deceleration 
categories.  Impact-type  traps  were  not  tested  due  to  their  inability  to  contain  bullet  debris. 
Testing  of  the  COTS  bullet  traps  was  conducted  to  determine  the  bullet  containment  efficiency, 
number  of  bullets  fired  before  a  major  maintenance  activity,  airborne  lead  concentrations,  and 
waste  characteristics.  These  test  parameters  can  be  directly  compared  to  the  test  data  developed 
for  the  25-Meter  Range  SACON  application.  Testing  was  conducted  by  firing  three-  to 
eight-round  bursts  of  M855  ammunition  from  a  loosely  mounted  SAW  from  a  distance  of 
25  meters.  The  bullet  impacts  were  concentrated  within  approximately  a  12-inch  diameter  circle 
to  simulate  the  concentration  pattern  observed  on  25-Meter  Zero  Ranges.  The  performance 
characteristics  of  each  type  of  trap  are  as  follows: 

5.2.1.1  Steel  Deceleration  Trap  (SDT) 

The  SDT  has  steel  plates  on  the  top  and  bottom  set  at  an  angle  from  horizontal  to  deflect  bullets 
into  a  deceleration  chamber.  When  bullets  enter  the  trap,  they  strike  a  series  of  angled  impact 
plates  oriented  in  a  circular  shape  that  directs  them  into  a  collection  drum.  The  tested  trap  had  a 
dust  collection  unit  (DCU),  which  consisted  of  a  blower  vmit,  a  filter  unit,  and  a  collection  drum. 
The  DCU  required  three-phase,  240- volt,  208-amperage  electrical  power  for  operation. 


Figure  5-40.  Steel  deceleration  trap. 
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Performance:  Testing  was  limited  to  firing  5000  rounds  and  focused  upon  quantifying  djist 

emissions  from  the  trap.  Dust  and  backsplatter  concerns  had  previously  been  documented  m  a 
Navy  (Rodrigues)  test  report  and  observed  at  Tyndall  Air  Force  Base  (AFB)  and  Hurll^ 
Airfield.  The  SDT  was  found  to  be  capable  of  containing  83.7  percent  of  the  bullet  detes  fire 
into  the  trap.  Excluding  the  mass  of  material  removed  from  the  front  deflector  pl^es»  the 
containment  efficiency  of  the  trap  decreases  to  79.9  percent.  This  containment  efficiency 
achieved  by  firing  immediately  in  front  of  the  deceleration  chamber  opemng,  which  would  allow 
for  optimum  containment  efficiency. 

During  use,  a  dust  cloud  developed  at  the  trap  entrance.  Evidence  of  rounds  breaking  into 
fragmLs  was  observed  in  the  trap  collection  bucket  (fig.  5-41).  Use  of  the  trap  a  success- 

oriented  bullet  entrance  pathway  resulted  in  the  noncontainment  of  approximately  20  p^cent  of 
the  bullet  debris.  With  a  relative  lack  of  fragments  observed  outside  the  trap,  pnnapd  lo^es 
appear  to  have  been  through  aerial  transport  of  dust.  The  trap  was  exammed  by  ATG^C  to 
determine  potential  causes  for  the  poor  dust  removal  performance.  A  design  flaw  in  the  fil  er 
housing  of  the  DCU  appears  to  have  resulted  in  the  filter  gasket  not  bemg  able  to  be  compressed 
adequately.  As  a  result,  lead  dust  was  probably  pulled  through  this  joint  dunng  DCU  operation 
contributing  to  the  poor  performance  of  containment  efficiency  and  to  the  elevated  airborne  dust 
emissions.  The  DCU  problem  would  not  have  affected  the  lead  dust  releases  measured  at  the 

side  and  in  front  of  the  trap. 


Figure  5-41.  Bullet  fragments  collected  by  the  deceleration  trap. 


Lead  levels  were  measured  at  the  DCU  exhaust  port,  at  the  sides  of  the  trap  enhance  12.5  meters 
in  front  of  the  firing  line,  and  at  the  firing  line.  The  results  are  presented  in  Table  5-37. 
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TABLE  5-37.  AIRBORNE  LEAD  CONCENTRATION  -  DECELERATION 

TRAP  TESTING 


1  SDT  -  Air  Samples  for  Lead  (Firing  Operation) 

Monitor  Location 

8-Hour  TWA, 
mg/m 

Action  Level 
Exceeded? 

Sampling  Period, 
min 

Firing  position 

0.019 

No 

299 

Right  side  of  trap 

1.45 

Yes 

355 

Left  side  of  trap 

0.198 

Yes 

84 

Midrange 

0.0095 

No 

350 

DCU  exhaust  port 

4.76 

Yes 

359 

Data  collector 

0.003 

No 

263 

The  lead  action  level  of  0.03  mg/m^  and  the  permissible  exposure  limit  of  0.05  mg/m^  defined  in 
29  CFR  1910.1025  were  exceeded  at  the  left  side,  the  right  side,  and  the  exhaust  port  of  the  trap. 
Because  the  trap  was  not  containing  tiie  lead,  it  can  be  concluded  that  the  lead  levels  in  the  soil 
surrounding  the  trap  would  increase  over  time. 

The  bullet  debris  gathered  in  the  collection  buckets  yielded  a  scrap  metal  which  may  have  a 
recycle  value.  Maintenance  activities  on  the  trap,  which  may  include  replacement  of  deflector 
plates,  replacement  of  deceleration  chamber  components,  DCU  filter  replacement,  etc.,  result  in 
lead-contaminated  components  that  require  proper  handling  and  disposal.  The  spent  filters  and 
materials  used  to  remove  dust  from  the  trap  surfaces  will  require  disposal  as  a  hazardous  waste. 
The  metal  components  of  the  trap  may  have  a  salvage  value  if  a  market  exists  for  the  scrap 
metal.  If  the  metal  does  not  have  value,  then  it  will  likely  have  to  be  disposed  of  as  a  hazardous 
waste. 


5.2.1.2  Granular  Rubber  Friction  Trap  (GRFT) 

The  GRFT  (fig.  5-42)  has  a  sloped  front  surface  with  a  rubber  cover,  a  galvanized  steel  bedplate, 
and  a  support  frame.  The  space  between  the  cover  and  bedplate  contains  rubber  granules.  The 
rubber  cover  allows  bullets  to  penetrate  and  be  captured  by  the  rubber  granules  with  little  or  no 
fragmentation  or  backsplatter.  The  tested  trap  had  three  access  doors  beneath  the  trap  for 
removal  and  separation  of  rubber  granules  and  spent  bullets. 
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Figure  5-42.  Granular  rubber  friction  trap. 


Performance:  Testing  was  conducted  in  a  fashion  similar  to  that  of  the  deceleration  trap.  Te 
GRFT  was  fired  upon  from  a  distance  of  25  meters  using  a  SAW.  Initial  testing  of  the  GRF 1 
resulted  in  the  trap  catching  on  fire  after  6000  rounds  of  ammunition  were  fired  into  it.  No  tracer 
rounds  were  used  during  the  test.  A  total  of  3200  rounds  were  shot  mto  the  trap  m 
approximately  1 .5  hours  before  a  maintenance  action  was  required.  A  patch  was  applied  as 

shown  in  Figure  5-43. 
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Figure  5-43.  GRFT  patch. 


Approximately  1.75  hours  after  the  patch  was  applied,  firing  resumed.  The  GRFT  received  an 
additional  2800  rounds  before  the  trap  was  destroyed  by  fire  (fig.  5-44).  The  fire  occurred 
1.3  hours  after  patching  the  rubber  cover.  The  rubber  adhesive  used  was  highly  flammable  (as 
are  most  rubber  adhesives).  The  trap  manufacturer’s  analysis  of  the  cause  of  the  fire  is  that  the 
off-gassing  of  the  glue  created  a  flammable  condition  in  the  void  space  between  the  granules. 
The  off-gassing  most  likely  reduced  the  temperature  required  to  ignite  the  trap.  The  energy 
dissipation  created  by  the  friction  action  of  the  trap  caused  a  buildup  of  heat.  Although 
temperature  measurements  were  not  made  during  this  test,  rubber  temperatures  in  the  interior  of 
shredded  rubber  traps  have  been  reported  to  reach  as  high  as  1500  “F  (ref  28).  A  granular  rubber 
sample  was  analyzed  for  flash  point.  The  flash  point  of  the  granular  rubber  was  measured  to  be 
1305  °F. 


Figure  5-44.  GRFT  fire. 
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In  order  to  generate  data  destroyed  by  the  fire,  a  smaller-scale  second  test  was  conducted  to 
determine  the  ability  of  the  trap  to  contain  lead  and  to  reclaun  bullet  debns  from  the  granu  ^ 
rubber,  and  to  establish  the  waste  characteristics  of  the  rubber  after  bullet  debns  removal.  A 
wooden  box  was  used  to  house  the  granular  rubber  (fig.  5-45).  A  total  of  2000  ^ 

into  the  box  in  4  hours.  Temperature  measurements  were  taken  from  withm  the  box  every  100  to 
200  rounds.  The  maximum  temperature  measured  was  207  °F. 


Figure  5-45.  Granular  rubber  test  fixture. 


Data  from  these  sampling  events  are  presented  in  Tables  5-38  and  5-39, 


TABLE  5-38.  SECOND  TEST  TRAP  TOTAL  RCRA  METALS  AND  ZINC 


Sample  Location 

Pb, 

mg/kg 

Ag, 

mg/kg 

As, 

mg/kg 

Ba, 

mg/kg 

Cd, 

mg/kg 

Cr, 

mg/kg 

Se, 

mg/kg 

Zn, 

mg/kg 

Background 

16.4 

<20 

74.40 

3.20 

0.40 

13.00 

3.60 

7.8 

Before  recycle 

5082.06 

<20  ^ 

93.4 

<100 

<5 

<20 

<100 

After  recycle 

192.77 

<20 

46.o6”1 

2.40^ 

0.40  ^ 

20.40 

22.20 

TABLE  5-39.  SECOND  TEST  TRAP  TCLP  DATA 


Sample  Location 

Pb, 

mg/L 

Ag, 

mg/L 

As, 

mg/L 

Ba, 

mg/T 

Cd, 

mg/T 

Cr, 

mg/L 

Se, 

mg/L 

Background 

<0.12 

0.10 

<0.10 

0.57 

<0.025 

<0.10 

<0.50 

Before  recycle 

264.4  1 

<0.10 

<0.10 

<o.5on 

<0.025 

<0.10 

<0.50 

After  recycle 

40.53 

<0.10 

<0.10^ 

<0.50 

<0.025 

<0.10 

<0.50 
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An  accurate  mass  balance  could  not  be  conducted  with  this  type  of  trap  because  the  bullet  debris 
is  mixed  in  the  granular  rubber  media.  In  order  to  assess  containment  efficiency,  the  trap  was 
monitored  for  dust  emissions  and  provisions  were  made  to  collect  any  debris  that  fell  out  of  the 
trap  during  test  firing.  There  were  no  significant  dust  emissions  during  the  test  evolution.  Also, 
no  backsplatter  was  observed  during  the  testing  nor  were  any  bullet  fragments  found  outside  of 
the  trap.  Based  on  air  monitoring  data  and  visual  observations,  the  trap  is  assumed  to  have 
contained  nearly  100  percent  of  the  rounds  fired  into  it. 

The  ability  of  the  lead  which  had  been  captured  by  the  trap  to  leach  into  the  environment  could 
not  be  directly  monitored  during  this  test  due  to  funding  restraints;  however,  a  subjective 
assessment  of  the  potential  for  movement  of  solubilized  lead  can  be  made  based  on  the  TCLP 
analysis  of  the  granular  rubber  medium.  Background  samples  were  taken  from  the  trap  prior  to 
the  live  fire  testing  and  analyzed  for  total  metals  and  TCLP.  Samples  were  also  collected  prior  to 
and  after  a  recycling  event  to  characterize  the  trap  material. 

The  TCLP  data  show  that  the  lead  in  the  trap  before  and  after  recycling  has  the  potential  to  be 
mobilized  in  a  soluble  form.  Whether  or  not  the  rubber  cover  on  the  trap  will  prevent  the 
mobilization  of  the  lead  in  the  trap  cannot  be  assessed;  however,  traps  of  design  similar  to  the 
one  tested  here  are  marketed  that  do  not  provide  a  barrier  between  the  lead-contaminated 
granular  rubber  medium  and  storm  water.  These  traps  with  no  weather  protection  provide  a 
significant  risk  for  lead  leaching  out  of  the  trap  and  into  the  environment. 

The  original  intent  of  this  test  was  to  shoot  the  trap  to  its  first  major  maintenance  point,  which 
the  manufacturer  had  estimated  to  be  approximately  50,000  to  70,000  rounds,  using  the  M855 
round.  The  testing  was  abbreviated  due  to  the  fire  during  the  first  live  fire  test.  The  lead 
containment  results  tend  to  agree  with  the  results  presented  by  the  Navy  (Rodrigues)  test  report. 
However,  the  Navy  report  did  not  assess  the  potential  for  soluble  lead  migration  from  the  trap. 
(Note:  The  Navy  testing  was  conducted  on  an  indoor  range  and  the  primary  objective  was  to 
assess  the  trap  for  an  indoor  application.  Lead  leaching  was  not  an  assessment  issue.)  Before 
this  trap  is  applied  on  an  outdoor  range,  the  lead-leaching  potential  should  be  further 
investigated.  Also,  effects  of  weathering  on  the  trap  should  be  considered  (i.e.,  will  tfie  trap 
freeze  and  become  a  ricochet  hazard,  will  photodegradation  affect  performance,  etc.).  The  issue 
with  the  trap  catching  on  fire  also  requires  further  investigation  There  was  significant  heat 
buildup  resulting  from  the  friction  of  rubber  stopping  the  bullet.  Whether  limitations  need  to  be 
placed  on  the  use  of  automated  fire  on  the  trap  warrants  further  investigation. 
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The  first  major  maintenance  event  predicted  by  the  manufacturer  was  a  metals  rewvery  event 
required  after  50,000  to  70,000  rounds  had  been  fired  from  a  single  firing  pomt.  The 
manufacturer's  field  representative  indicated  the  need  to  remove  bullet  debns  was  structural  in 
nature  because  of  the  additional  mass  created  by  the  captured  bullets.  The  recov^  op^tion 
consists  of  using  a  vacuum  to  segregate  the  collected  bullets  from  the  granular  rubber.  The 
granular  rubber  is  then  returned  to  the  trap  for  reuse  while  the  bullet  frapients  are  removed  as 
scrap  metal.  This  maintenance  event  was  conducted  after  2000  rounds  had  been  fired  mto  the 
tran  A  79  5-percent  removal  efficiency  was  achieved  by  the  maintenance  event.  Assuming 
80  percent  to  be  a  typical  removal  efficiency,  then  20  percent  of  die  bullet  debns  (which  will 
probably  be  primarily  lead)  will  remain  in  the  trap  after  each  maintenance  event. 

The  samples  taken  before  attempting  to  clean  the  trap  from  the  live  fire  test  contained  an 
enormous  amount  of  lead  and  the  TCLP  for  lead  was  above  the  RCRA  limit  of  5  mg/L.  After 
recovery,  the  total  concentration  of  lead  decreased;  however,  the  leachable  lead  remaining  still 
exceeded  the  RCRA  limit.  The  metals  that  are  separated  can  be  handled  as  a  recyclable  matenal, 
however,  should  the  need  to  dispose  of  the  trap  material  be  necessary  in  the  future,  then  this 
material  will  be  handled  and  disposed  of  as  a  hazardous  waste. 

5.2.1.3  Composite  Rubber  Block  Friction  Trap  (CRBFT)  ^  ^  , 

The  modular  rubber  blocks  used  were  created  by  combining  recycled  tire  rubber  and  a  Kev  ar- 
reinforced  bonding  agent  under  extreme  pressure  (ref  27).  Each  block  was  9  mches  high, 

24  inches  wide,  and  13.5  inches  deep  and  weighed  approximately  89.5  pounds.  The  tested  trap 
was  4  feet  high  by  4  feet  wide  and  contained  two  columns  with  each  column  containing  tive 
blocks  (fig.  5-46).  A  rubber-coated  3/8-inch  steel  backplate  and  compression  system  was 
provided  to  secure  the  blocks. 


Figure  5-46.  Rubber  block  friction  trap. 
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Performance:  The  intent  of  this  test  was  to  shoot  the  trap  to  its  first  major  maintenance  event 
and  determine  the  technology's  bullet  containment  efficiency.  The  first  major  maintenance 
action  for  the  rubber  block  trap  was  defined  as  a  block  rotation.  The  manufacturer’s  criterion  to 
require  a  block  rotation  was  a  4-inch  penetration  of  rounds  over  the  surface  area  of  a  5-inch 
diameter  circle  or  if  cracks  over  2  inches  appeared.  The  rubber  block  trap  met  the  depth-of- 
penetration  criterion  and  required  a  block  rotation  action  after  1 800  rounds.  During  this  first 
trial,  test  personnel  noticed  a  burning  rubber  smell  after  approximately  700  rounds.  Puffs  of 
black  smoke  were  emanating  from  the  impact  cavity  after  1800  rounds  and  the  material  appeared 
to  have  melted.  A  second  trial  was  conducted  that  day.  No  tracer  rounds  were  used  during  either 
trial. 

During  the  second  trial,  depth-of-penetration  measurements  were  taken  after  every  200  rounds. 
After  800  rounds  had  been  fired,  the  black  smoke  originating  from  the  firing  cavity  reached  the 
firing  position.  The  depth-of-penetration  criterion  necessitated  a  block  rotation  after 
1900  rounds  (fig.  5-47). 


Figure  5-47.  Accelerated  durability  after  1900  rounds  (front  and  side  views). 


The  block  rotation  was  not  conducted  and  firing  was  continued  to  determine  the  number  of 
rounds  required  to  penetrate  through  the  blocks.  Figure  5-48  shows  a  side  view  of  the  trap  after 
3100  rounds  were  fired  in  the  second  trial. 
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Figure  5-48.  Side  view  -  3 100  rounds  fired. 


A  total  of  3200  M855  rounds  were  fired  during  the  second  trial  before  the  end  of  the  day.  The 
trap  smelled  of  burning  rubber  throughout  the  second  trial. 


The  trap  switched  from  a  smoldering  to  a  fully  engulfed  fire  and  was  consumed  approxmiately 
15  hours  after  firing  was  terminated  for  the  day  (fig.  5-49).  The  energy  dissipation  created  by 
friction  caused  a  buildup  of  heat,  which  was  believed  to  have  been  the  cause  of  the  fire. 


friction  caused  a  buildup  or  neai,  wnicii  was.  ucuc — 
Temperature  measurements  were  not  taken  during  the  test  The  flash  point  of  the  rubber  block 

material  was  determined  by  laboratory  testing  to  be  1425  F. 


Figure  5-49.  Rubber  block  trap  fire  (trap  tipped  on  side). 
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Like  the  SACON  blocks  and  the  granular  rubber  trap,  an  accurate  mass  balance  could  not  be 
conducted  with  this  type  of  trap  because  the  bullet  debris  was  mixed  in  the  rubber  media.  In 
order  to  assess  containment  efficiency,  the  trap  was  monitored  for  dust  emissions  and  provisions 
were  made  to  collect  any  debris  that  fell  out  of  the  trap  during  test  firing.  There  were  no 
significant  lead  dust  emissions  during  the  test  evolution.  Also,  no  backsplatter  was  observed 
during  the  testing  nor  were  any  bullet  fragments  found  outside  of  the  trap.  Analysis  of  the  small 
amount  of  rubber  debris  that  fell  out  of  the  trap  resulted  in  the  determination  that  the  trap 
maintained  a  containment  efficiency  of  99.99  percent.  Based  on  the  air  monitoring  data,  debris 
analytical  data,  and  visual  observations,  the  trap  is  assumed  to  have  contained  nearly  100  percent 
of  the  roimds  fired  into  it. 

The  ability  of  the  lead  captured  within  the  trap  to  leach  into  the  environment  could  not  be 
directly  monitored  during  this  test  due  to  funding  restraints;  however,  a  subjective  assessment  of 
the  potential  for  movement  of  solubilized  lead  can  be  made  based  on  the  TCLP  analysis  of  the 
rubber  medium.  Backgroimd  samples  were  taken  from  the  trap  prior  to  hve  fire  testing  and 
analyzed  for  total  metals  and  TCLP.  Samples  were  collected  after  the  firing  tests  to  characterize 
the  trap  material.  Data  from  these  sampling  events  are  presented  in  Tables  5-40  and  5-41. 


TABLE  5-40.  TOTAL  RCRA  METALS 


Sample  Location 

Pb, 

mg/kg 

Ag, 

mg/kg 

As, 

mg/kg 

Ba, 

mg/kg 

Cd, 

Mg/kg 

Cr, 

mg/kg 

Se, 

mg/kg 

Background 

<24 

<20 

88.60 

<100 

<5 

40.00 

<100 

Debris  pile 

1604.00 

<20 

76.59 

<100 

<5 

<20 

<100 

First  impact  area 

3543.27 

<20 

69.20 

<100 

<5 

<20 

<100 

Second  impact  area 

682.42 

<20 

19.00 

<100 

<5 

<20 

<100 

TABLE  5-41.  TCLP  DATA 


Sample  Location 

Pb, 

mg/L 

Ag, 

mg/L 

As, 

mg/L 

Ba, 

Mg/L 

Cd, 

mg/L 

Background 

5.5 

<0.10 

0.49 

<0.50 

<0.025 

<0.10 

<0.50 

Debris  pile 

112.50 

<0.10 

0.53 

<0.50 

<0.025 

<0.10 

<0.50 

First  impact  area 

79.65 

<0.10 

<0.05 

<0.50 

<0.025 

<0.10 

<0.50 

Second  impact  area 

126.20 

<0.10 

<0.05 

<0.50 

<0.025 

<0.10 

<0.50 

The  TCLP  data  show  that  prior  to  test  firing  die  lead  in  the  trap  failed  to  meet  the  RCRA  TCLP 
requirement  of  5.0  mg/L.  It  is  not  known  whether  the  test  blocks  may  have  been  exposed  to  lead 
contaminants  prior  to  receipt  at  ATC  or  if  the  components  used  to  make  the  rubber  blocks 
contained  lead.  After  test  firing,  the  debris  pile  and  the  impact  area  samples  contained 
significant  levels  of  leachable  lead.  These  data  indicate  that  there  is  a  potential  for  lead  to  leach 
into  the  environment  from  this  type  of  trap  if  used  on  an  outdoor  range. 
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Before  this  trap  is  applied  on  an  outdoor  range,  lead  leaching  potential  should  be  toher 
investigated.  Also,  effects  of  weathering  on  the  trap  should  be  considered  (i.e.,  will  the  top 
freeze  and  become  a  ricochet  hazard,  wUl  photodegradation  affect  performance,  etc.)  The  issue 
with  the  trap  catching  on  fire  also  requires  further  investigation.  There  is  si^ificant  heat  buildup 
resulting  from  the  friction  of  the  rubber  stopping  the  bullet.  Whether  limitations  need  to  be 
placed  on  the  use  of  automated  fire  on  the  trap  requires  further  investigation  by  the 
manufacturers. 

The  samples  after  the  live  fire  test  contained  a  significant  amount  of  lead,  and  the  TCLP  for  lead 
was  above  the  RCRA  limit  of  5  rag/L.  The  metals  that  are  separated  can  be  handled  as  a 
recyclable  material;  however,  should  the  need  to  dispose  of  the  trap  material  be  necessary  m  the 
future,  then  this  material  will  be  handled  and  disposed  of  as  a  hazardous  waste. 

5.2.2  Conventional  SoU  Berm  .  ,  r-  j  j 

Typically,  a  small  arms  range  will  employ  the  use  of  a  soil  berm  when  stopping  the  fired  rounds 
is  necessary  (fig.  5-50).  A  berm’s  ability  to  contain  the  bullet  debris  and  control  metal  dispersion 
varies  with  soil  type  and  berm  shape  as  well  as  other  site-specific  characteristics  such  as  soil  pH, 
soil  chemistry,  extent  of  vegetative  cover,  and  local  climatic  conditions.  Depending  on  lead 
mobility  and  regulatory  constraints  which  may  be  placed  on  range  operations,  penodic  cleanup 
of  metals  deposited  in  the  soil  berms  may  be  required. 


Figure  5-50.  Soil  berm  bullet  trap. 
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A  soil  berm  is  in  essence  a  friction  type  of  bullet  trap.  The  soil  is  the  medium  that  imparts 
friction  on  the  bullet  to  terminate  its  flight.  The  berm  is  designed  to  stop  the  flight  in  a  manner 
that  does  not  result  in  ricochets  or  backsplatter  back  to  the  firing  line.  Control  and  containment 
of  the  metal  debris  have  not  typically  been  a  factor  in  berm  designs.  The  design  and  construction 
of  soil  berms  is  governed  by  several  factors:  ammunition  used  on  the  range,  SDZ  lumtations, 
range  location  with  respect  to  other  ranges,  available  impact  area,  type  of  training  being 
conducted  on  the  range,  etc.  As  a  result  of  these  varying  parameters,  a  large  variety  of  berm 
heights  and  slopes  are  found  on  military  ranges. 

Performance:  For  comparison  purposes  only,  the  performance  characteristics  of  a  berm  used  on 
a  25  meter  zero  range  will  be  described  here.  Typically,  the  M855  ammunition  used  in  zeroing 
the  M-16  rifle  breaks  up  on  impact  with  the  berm.  The  soil  berms,  which  often  experience 
significant  soil  erosion  problems,  will  not  contain  the  bullet  debris  within  the  berm.  Aerial 
dispersion  of  soil  and  bullet  debris  from  the  impact  point  on  the  berm  has  been  observed.  This 
debris  has  been  found  deposited  as  far  as  100  meters  behind  the  berm.  Also,  the  bullet  debris 
and  soil  remaining  in  the  bullet  pocket  (the  incised  area  on  the  berm  face  where  the  majority  of 
the  rounds  impact)  is  highly  susceptible  to  transport  off  range  by  storm  water  runoff. 

In  addition  to  transport  of  bullet  debris  resulting  from  firing,  transport  via  leaching  of  soluble 
lead  is  possible.  TCLP  analyses  from  berms  on  numerous  ranges  across  the  country  have  failed 
the  5-mg/L  RCRA  limit.  The  potential  for  leaching  of  this  solubilized  lead  to  groundwater  is 
dependent  upon  site-specific  characteristics  and  must  be  evaluated  on  a  case-by-case  basis. 

Maintenance  of  soil  berms  currently  consists  of  filling  in  bullet  pockets  and  repairing  damage 
caused  by  storm  water  erosion  on  a  periodic  basis.  The  frequency  of  this  maintenance  varies 
with  the  soil  type,  berm  slope,  local  climatic  conditions,  and  volume  of  rounds  fired  on  the  range. 
For  example,  a  range  at  Fort  Jackson  that  receives  an  annual  throughput  of  approximately 
30,000  rounds  per  lane  per  year  may  require  semiannual  maintenance  to  fill  in  bullet  pockets  in 
addition  to  major  berm  and  storm  water  runoff  channel  contouring  once  every  three  years. 

The  TCLP  waste  characteristic  that  the  berm  soil  exhibits  necessitates  the  handling  and  disposal 
of  the  soil  as  a  hazardous  waste  upon  its  removal  from  the  range.  Currently,  cleanup  activities 
are  reqxured  only  when  a  range  is  closed.  If  the  mobility  of  the  lead  presents  an  environmental 
threat,  then  more  frequent  maintenance  and  cleanup  activities  may  be  required  to  maintain  the 
range  in  an  operational  status. 

5.2.3  Performance  Comparisons 

Comparison  of  SACON  to  COTS  bullet  traps  and  soil  berms  is  based  on  the  following 
performance  characteristics: 

•  Bullet  debris  containment. 

•  Airborne  lead  concentrations  and  impacts. 
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•  Maintenance  frequency  and  requirements. 

•  Waste  characteristics  and  disposal  requirements. 

Bullet  Debris  Containment:  The  bullet  debris  containment  efficiency  of  the  technologies  is 
presented  in  Table  5-42.  The  containment  efficiency  numbers  presented  here  account  for  only 
the  bullets  and  bullet  fragment  debris  contained  within  the  trap.  The  S  ACON  data  do  not  reflect 
the  fact  that  S  ACON  and  bullet  debris  that  fell  out  of  the  impact  cavity  in  the  backstop  was 
confined  to  a  small  pile  immediately  in  front  of  the  backstop.  This  pile  was  not  thought  to 
present  a  metals  mobility  problem  unless  disturbed  by  some  mechanical  means 
(e.g.,  lawnmowers).  Based  on  the  available  data,  the  two  rubber  friction  traps  would  appear  to 
provide  a  better  containment  efficiency;  however,  neither  of  the  rubber  traps  provides  a 
containment  medium  that  inhibits  the  leaching  potential  of  the  lead.  All  samples  collected  from 
the  SACON  field  demonstrations  at  Fort  Knox  and  USMA  indicate  that  there  is  no  threat  of  lead 
leaching  from  the  backstops  (or  the  debris  pile  in  front  of  the  backstops).  Samples  collected 
from  the  rubber  friction  traps  indicate  that  this  leaching  potential  exists  with  the  granular  rubber 
and  rubber  block  traps.  In  general,  the  soil  berm  as  presently  designed  is  not  inherently  capable 
of  containing  the  particulate  metals  or  of  inhibiting  the  lead  leaching. 


TABLE  5-42.  CONTAINMENT  COMPARISON  DATA 


Technology 

Containment  Efficiency,  % 

SACON 

86.5 

Steel  Decelerator  Trap 

79.9 

Granular  Rubber  Friction  Trap 

100 

Composite  Rubber  Block  Friction  Trap 

100 

Soil  Berm 

Varies  with  site  conditions 

Airhnrne  Lead  Concentrations:  Airborne  emissions  of  lead  dust  from  the  technologies  durmg 
firing  operations  and  during  maintenance  provide  an  insight  into  each  technology  s  ability  to 
contain  the  hazardous  metals  and  the  potential  health  impact  on  range  personnel.  Table  5-43 
presents  representative  air-monitoring  data  for  each  technology  during  these  operations. 
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TABLE  5-43.  AIRBORNE  LEAD  CONCENTRATIONS 


Technology 

Airborne 

Levels  (Firing 
Operation),  mg/m^ 

Airborne  Levels 
(Maintenance), 
mg/m^ 

SACON 

<0.002  to  0.057 

<0.014  to  0.510 

Steel  decelerator  trap 

0.014  to  0.95 

Granular  rubber  fiiction  tr^ 

<0.002 

Composite  rubber  block  fiiction  trap 

<0.002 

Soil  berm 

Unknown 

“Dust  control  unit  was  not  functioning  properly  during  testing. 

*^onitoring  not  performed  during  maintenance  event. 

'Maintenance  event  not  performed  due  to  trap  fire. 

‘^Monitoring  and  dust  control  measures  generally  are  required  during  major  earth  movement 
operations. 


S  ACON  and  the  steel  decelerator  trap  yielded  elevated  airborne  lead  levels  during  the  firing 
operations  at  the  trap.  The  dust  generation  observed  during  the  SACON  firing  operations  can  be 
attributed  to  the  accelerated  rate-of-fire  used  during  the  test.  A  small  cloud  of  dust  developed 
within  the  SACON  backstop  cavity  created  by  the  bullet  impacts.  During  field  testing  at 
Fort  Knox  and  USMA,  only  occasional  wisps  of  dust  were  observed  during  use  on  the  ranges. 
This  would  indicate  that  aerial  transport  of  lead  contaminants  may  be  possible  if  high  rates  of 
automated  fire  are  used  on  SACON  backstops. 

The  steel  decelerator  trap  yielded  airborne  levels  1  to  3  orders  of  magnitude  higher  than  either 
SACON  or  the  rubber  traps.  The  dust  level  at  the  DCU  exhaust  would  likely  have  been  reduced 
with  a  properly  fitted  filter  installed  in  the  unit.  A  dust  cloud  occurred  during  the  accelerated 
rate-of-fire  used  during  testing  at  ATC  and  has  been  observed  by  Air  Force  personnel  during 
normal  training  operations  at  Tyndall  AFB  and  Hurlburt  Airfield  (ref  26).  Based  upon 
observations,  dust  depositions  in  the  mouth  of  the  test  trap,  and  the  fi*agmentation  of  rounds, 
significant  aerial  transport  of  lead  may  be  expected  fi'om  this  technology  during  normal  training 
use. 


Both  traps  representing  rubber  fiiction  technology  provided  excellent  lead  dust  containment 
during  limited  live  fire  testing  conducted  at  ATC.  No  data  have  been  collected  on  the  levels  of 
airborne  lead  emanating  fi’om  soil  berms  during  use;  however,  bullet  fragment  dispersion  has 
been  observed  at  significant  distances  behind  the  berms,  indicating  that  aerial  transport  of  metal 
contaminants  is  significant. 
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Airborne  levels  measured  during  SACON  maintenance  events  warrant  use  of  PPE  and/or 
implementation  of  dust  control  measures.  Airborne  data  for  the  rubber  traps  were  not  collec  e  , 
however,  lead  dust  can  be  expected  to  be  generated  within  these  traps  as  a  result  of  bullet-on- 
bullet  impacts.  Airborne  exposure  levels  during  maintenance  events  that  result  m  disturbance  ot 
the  bullet  trap  media,  regardless  of  whether  the  medium  is  SACON,  soil,  or  rubber,  require 
appropriate  levels  of  PPE  to  be  worn.  As  observed  during  the  steel  decelerator  trap  mamtenance 
event,  significant  lead  dust  levels  were  generated,  thus  requiring  PPE  to  be  worn. 

Maintenance:  Maintenance  frequency  and  requirements  vary  with  bullet  trap  type  as  well  as 
specific  range  application.  For  comparison  purposes  only,  the  various  bullet-toppmg 
technologies’  performance  as  applied  to  a  25-meter  range  will  be  used  here,  "^e  volume  of 
rounds  fired  on  one  firing  point  is  assumed  to  be  30,000  rounds  per  year  of  M855  ammumtion. 
This  type  of  known  distance,  fixed  target  range  application  provides  the  best  measurable 
comparative  platform  for  the  use  of  the  competing  technologies.  A  summ^  of  expected 
maintenance  frequency,  PPE,  and  waste  handling  requirements  is  provided  m  Table  5-44. 


TABLE  5-44.  PERIODIC  MAINTENANCE  FREQUENCY  AND  REQUIREMENTS 


Technology 

Major 

Maintenance 

Frequency 

PPE 

Required 

(yes/no) 

Waste  Handling  Requirements  H 

Recyclable 

Material 

Solid  Waste 

Hazardous  Waste 

SACON 

Quarterly 

SACON  and 
bullet  debris 

SACON  and 
bullet  debris 

None 

SDT 

Undetermined 

Bullet  debris  and 
worn  plates 

HEPA  filters 

GRFT 

Biennially^ 

Yes 

Bullet  debris 

None 

Rubber  cover 

CRBFT 

10  times  per  year 

Yes® 

Possible*^ 

Rubber  blocks 
containing  bullet 
debris 

“TT? - a - - 

Soil  Berm 

Aimually 

Yes 

None® 

None 

None 

®Based  upon  manufacturer's  estimate. 

•Tvlaintenance  event  not  performed  due  to  trap  fire.  No  data  are  available  on  potential  exposure; 
however,  precautions  should  be  taken  until  proven  otherwise. 

"Possibly  dependent  upon  lead  content  of  the  block  and  the  recycler’s  ability  to  separate  the 

bullet  debris  from  the  block. 

“•No  waste  generated  during  periodic  maintenance. 


SACON  maintenance  consists  of  periodically  removing  shot-up  blocks  and  replacing  them^th 
new  blocks.  With  the  assumed  volume  of  30,000  rounds  per  year,  this  maintenance  would  have 
to  be  performed  4  times  per  year.  The  block  design  used  during  the  field  demonstrations 
required  a  partial  disassembly  of  the  SACON  barrier  to  conduct  the  repairs.  The  bidlet  ^d 
SACON  debris  that  is  collected  during  the  maintenance  event  can  either  be  recycled  or  disposed 
of  as  a  solid  waste.  PPE  is  required  for  personnel  performing  the  maintenance. 
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Steel  decelerator  trap  maintenance  consists  of  periodically  ensuring  proper  DCU  operation, 
cleaning  bullet  debris  from  the  front  deflector  plates,  collecting  bullet  debris  from  the 
deceleration  chamber  collection  buckets,  replacing  HEPA  filters  in  the  DCU,  and  replacing  worn 
or  damaged  deflector  plates.  Operational  checks  should  be  performed  prior  to  each  use. 
Deflector  plate  cleaning  should  be  conducted  on  a  weekly  basis.  The  bullet  debris  and  damaged 
plates  that  are  collected  during  the  maintenance  event  would  likely  have  a  limited  value  as  scrap 
metal.  The  spent  HEPA  filters  require  disposal  as  a  hazardous  waste.  PPE  is  required  for 
personnel  performing  the  maintenance. 

Granular  rubber  friction  trap  maintenance  consists  of  using  a  vacuum  to  segregate  the  collected 
lead  from  the  granular  rubber.  The  granular  rubber  is  then  returned  to  the  trap  for  reuse  while 
the  bullet  fragments  are  removed  as  scrap  metal.  This  maintenance  event  would  be  conducted 
once  every  two  years.  Interim  maintenance  consists  of  patching  the  rubber  cover  ten  times  per 
year  and  replacing  the  rubber  cover  annually.  The  bullet  debris  that  is  collected  during  the 
metals  recovery  operation  would  likely  have  value  as  scrap  metal.  The  rubber  cover  would 
likely  require  disposal  as  a  hazardous  waste.  PPE  is  required  for  personnel  performing  the 
rubber  cover  replacement  and  the  metals  recovery  operation. 

Like  SACON,  the  composite  rubber  block  friction  tr^  maintenance  consists  of  periodically 
removing  shot-up  blocks  and  replacing  them  with  new  blocks.  With  the  assumed  volume  of 
30,000  roimds  per  year,  this  maintenance  would  have  to  be  performed  ten  times  per  year.  A 
partial  disassembly  of  the  rubber  block  barrier  is  required  to  conduct  the  repairs.  The  bullet  and 
rubber  block  debris  that  is  collected  during  the  maintenance  event  must  be  handled  and  disposed 
of  as  a  hazardous  waste.  Recycling  to  recover  the  bxillet  debris  metals  may  be  possible, 
depending  upon  the  lead  content  of  the  rubber  block,  and  the  recycler’s  ability  to  remove  the 
metals  from  the  blocks.  PPE  is  required  for  persoimel  performing  the  maintenance. 

Maintenance  of  soil  berms  currently  consists  of  filling  in  bullet  pockets  and  repairing  damage 
caused  by  storm  water  erosion  on  a  periodic  basis.  With  the  assumed  volume  of  30,000  roimds 
per  year,  maintenance  may  include  semiannual  maintenance  to  fill  in  bullet  pockets  and  major 
recontouring  of  the  berm  and  storm  water  runoff  channel  once  every  three  years.  PPE  and/or 
dust  control  measures  are  required  for  personnel  performing  the  maintenance. 

Waste  characteristics  and  disposal  requirements:  The  handling  requirements  for  waste 
generated  during  maintenance  of  the  technologies  is  summarized  in  Table  5-44.  Complete 
disposal  of  the  various  bullet  trapping  technologies  may  be  required  as  a  result  of  trap  failure  or 
range  closure.  The  waste  handling  and  disposal  requirements  for  each  technology  are 
summarized  in  Table  5-45. 
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TABLE  5-45.  DISPOSAL  REQUIREMENTS 


Technology 

Waste  Handling  Requirements 

Recyclable  Material 

Solid  Waste 

Hazardous  Waste 

SACON 

SACON  and  bullet  debris 

SACON  and  bullet 
debris 

None 

SDT 

Bullet  debris,  worn  plates, 
deceleration  chamber, 
andDCU 

None 

HEPA  filters  and 
contaminated  soil 

GRFT 

Bullet  debris,  trap 
structural  members,  and 
bedplate 

None 

Rubber  cover  and 
granular  rubber 

CRBFT 

Possible" 

None 

Rubber  blocks  containing 
bullet  debris 

Soil  Berm 

Separated  metal  fraction 

None 

Contaminated  soil 
fraction 

“Possibly  dependent  upon  lead  content  of  the  block  and  the  recycler’s  ability  to  separate  the 
bullet  debris  from  the  block. 


The  entire  S  AGON  backstop  may  be  either  recycled  or  disposed  of  as  a  solid  waste.  There  were 
no  waste  materials  generated  during  testing  at  USMA  or  Fort  Knox  that  exhibited  hazardous 
waste  characteristics.  Proper  maintenance  coupled  with  reduced  leachability  created  by  use  of 
SACON  should  result  in  reduced  soil  cleanup  costs  in  the  future. 

The  steel  decelerator  trap  can  be  recycled  for  the  most  part  as  scrap  metal.  Because  of  tWs  trap  s 
inability  to  contain  the  lead  within  the  trap,  soil  remediation  in  the  vicinity  of  the  trap  will  also 
be  required.  The  contaminated  soil  will  have  to  be  handled  as  a  hazardous  waste  if  removed 
from  the  range. 

The  granular  rubber  and  rubber  block  traps  both  require  handling  of  rubber  materials  as  a 
hazardous  waste.  TCLP  analysis  of  the  rubber  material  after  use  indicates  an  abundant  source  of 
leachable  lead  is  contained  within  the  traps.  With  inadequate  protection  from  storm  water 
intrusion,  lead  may  leach  from  the  traps,  creating  future  remediation  requirements. 

In  the  event  of  range  closure,  the  soil  in  and  around  the  berm  that  exhibits  the  TCLP  waste 
characteristic  will  require  handling  and  disposal  as  a  hazardous  waste.  If  the  mobility  of  the  lead 
presents  an  environmental  threat,  then  more  frequent  maintenance  and  cleanup  activities  may  be 
required  to  maintain  the  range  in  an  operational  status.  These  maintenance  events  may  result  m 
soil  fractions  that  will  require  disposal  as  a  hazardous  waste. 
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6.  Cost  Assessment 

The  purpose  of  this  chapter  is  to  provide  an  assessment  of  expected  operational  costs  for  the 
SACON  technology.  To  accomplish  this  goal,  operational  costs  for  a  200-foot  wide,  outdoor, 
20-lane,  25-meter  range  were  extrapolated  from  the  demonstration  data  using  guidance  provided 
by  the  Environmental  Cost  Analysis  Methodology  (ECAM)  Handbook  (ref  59).  To  determine  a 
range  of  applicability  for  the  SACON  technology  from  an  economics  perspective,  an  operational 
scenario  with  varied  throughputs  was  selected  for  the  purpose  of  technology  comparison.  The 
operational  scenario  consisted  of  standard  outdoor  25-meter  range  training  operations  with  high 
(30,000  rounds  per  firing  lane),  moderate  (15,000  rounds  per  firing  lane),  or  low  (7,500  rounds 
per  firing  lane)  anniial  throughput.  Heavy  metals  transport  risk  was  also  factored  into  the 
economics  comparison.  An  assumption  was  made  that  with  the  implementation  of  the  Range 
Rule,  the  time  period  between  range  soil  remediation  efforts  is  proportional  to  the  time  period 
resulting  in  off-range  migration  of  metals.  The  remediation  frequency  required  to  comply  with 
the  Range  Rule  will  directly  impact  range  operational  costs.  To  factor  remediation  frequency 
into  the  cost  comparisons,  low-,  moderate-,  and  high-risk  scenarios  were  assumed.  Basically, 
high  risk  equated  to  a  required  remediation  effort  in  5-year  increments,  moderate  in  15-year 
increments,  and  low  in  50-year  increments. 

To  develop  comparisons  among  the  existing  soil  berm  technology,  available  COTS  technologies, 
and  the  SACON  technology,  both  direct  and  indirect  process  cost  data  were  developed  for  each 
technology.  A  direct  cost  is  an  accounting  term  for  costs  that  are  clearly  and  exclusively 
associated  with  a  product  or  service  (ref  59).  Correspondingly,  indirect  process  costs  are  those 
not  exclusively  associated  with  the  process  or  service.  The  origin  of  the  data  used  to  develop 
both  direct  and  indirect  process  cost  data  was  primarily  from  this  demonstration,  a  related  COTS 
bullet-trap  technology  demonstration  conducted  by  ATC,  engineering  judgments,  and  interviews 
with  Range  Managers.  To  add  consistency  to  the  comparison,  technology  process  costs  were 
based  upon  technology  implementation  at  ATC.  In  doing  such.  Range  and  Environmental 
Protection  Specialist  labor  was  assigned  a  $30  and  $45  per  hour  cost,  respectively.  Waste 
disposal  estimates  were  based  upon  disposal  through  an  existing  contract  at  APG. 

6.1  Cost  Performance 

Operational  costs  associated  with  the  SACON  technology  were  derived  in  detail  in  the  cost 
sections  of  chapter  5. 

High  Range  Usage.  Table  6-1  provides  expected  operational  costs  (without  recycling)  for  full- 
scale  use  of  the  SACON  technology  based  upon  an  outdoor  25 -meter  range  application  with 
20  lanes,  each  lane  receiving  30,000  rounds  annually.  Following  Table  6-1,  Ae  derivations  of 
table  entries  are  summarized. 


156 


157 


Direct  Process  Costs.  The  initial  equipment  purchase  estimates  were  based  upon  equipping  a 
200-foot  wide,  20-lane,  outdoor  25-meter  range  with  SACON.  The  estimate  was  based  upon  the 
need  for  60  yd^  of  90-lb/ft^  polypropylene  SACON  to  provide  an  adequate  backstop.  The 
preparation  would  entail  excavating  6  inches  of  soil  from  a  200-  by  5-foot  pad  as  well  as  adding 
and  compacting  gravel.  Site  evaluation  and  equipment  integration  costs  included  in  the  estimate 
were  conducting  a  NEPA  evaluation,  surveying,  conducting  a  utility  avoidance  sweep,  and 
modifying  operational  procedures.  Assumptions  were  made  that  a  record  of  environmental 
consideration  would  be  sufficient  to  satisfy  NEPA  requirements  and  that  surveying,  utility 
avoidance,  and  modifying  operational  procedures  would  be  similar  for  the  implementation  of  the 
various  technologies.  The  installation  estimate  was  based  upon  a  four-man  requirement  with 
each  barrier  being  built  in  2.5  hours.  Ten  hours  of  initial  operator  training  were  assumed  to  be 
required  for  the  four-man  team.  The  training  would  include  new  equipment,  environmental,  and 
OSHA  training. 

Annual  Operation  and  Maintenance  Activity.  Cost  estimates  were  based  upon  utilizing 
existing  ATC  labor  and  disposal  mechanisms,  except  as  noted  otherwise.  Weekly  PMCS 
requirements  would  entail  a  visual  inspection  and  potentially  measuring  penetration  distances  to 
ensure  adequate  barrier  deptii  remained.  The  weekly  PMCS  was  assumed  to  take  about 
30  minutes  to  complete.  Durability  testing  indicated  block  rotations  would  be  reqvured  after 
7, 1 00  roimds  had  been  fired.  Under  the  30,000-roimds-per-lane  scenario,  this  equated  to  a  need 
to  replace  and  dispose  of  worn  SACON  blocks  quarterly.  Removing,  replacing,  and  restacking 
the  SACON  walls  was  estimated  to  require  a  four-man  crew  approximately  4  hours  to  complete 
per  barrier.  The  actual  number  of  rotations  would  be  less  with  less  concentrated  bullet  impacts. 
Solid  waste  disposal  estimates  were  based  upon  the  results  of  the  durability  testing  and  equated 
to  the  removal  of  eight  full  blocks  per  barrier  per  quarter.  Solid  waste  disposal  rates  were  chosen 
over  hazardous  rates  based  upon  analysis  of  debris  at  the  field  demonstration  sites.  The 
consumable  supply  estimate  was  based  upon  the  manufacture  of  60  cubic  yards  of  SACON  to 
serve  as  replacement  blocks.  Two  hours  of  equipment  refresher  training  for  four  range  workers 
was  assumed  at  a  cost  of  $240  annually. 

Environmental  Activity  and  Other  Costs.  Development  of  environmental  procedures  and  the 
subsequent  maintenance  of  these  procedures  were  estimated  at  24  hours  annually  at  a  cost  of 
$45  per  hour.  Solid  waste  management  costs  are,  in  general,  proportional  to  the  number  of  waste 
tum-in  events.  Solid  waste  management  costs  were  based  upon  a  1-hour  quarterly  inspection 
followed  up  with  1  hour  of  associated  paperwork  corresponding  to  each  waste  tum-in  event. 
Execution  of  sampling  and  analysis  was  estimated  based  upon  four  TCLP  metals  analyses  per 
year.  Four  analytical  efforts  were  deemed  necessary  to  prove  each  tum-in  was  not  RCRA 
hazardous  based  upon  lead  characteristics.  Training  to  ensure  compliance  with  OSHA  and 
environmental  requirements  was  estimated  at  8  horns  per  person  at  an  annual  cost  of  $960. 
Overhead  for  ordering  materials  and  the  like  was  estimated  at  $1000  annually.  A  rough  estimate 
for  final  disposal  cost  was  made  by  summing  installation  costs  and  disposal  costs  for  all  SACON 
material  as  a  solid  waste. 
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Moderate  Range  Usage.  Table  6-2  provides  expected  operational  costs  (without  recycling)  for 
full-scale  use  of  the  SACON  technology  based  upon  an  outdoor  25-meter  range  application  with 
20  lanes,  each  lane  receiving  15,000  rounds  annually.  Start-up  and  final  disposal  costs  were 
assumed  to  be  constant  regardless  of  throughput.  Some  of  the  annual  operation  costs  were 
reduced  to  reflect  the  impact  of  the  moderate  range  utilization.  With  roughly  a  7,500-round 
interval  before  block  maintenance  is  required,  decreasing  usage  to  15,000  roun  J  per  lane  would 
reduce  the  maintenance  firequency  fi-om  quarterly  to  semiannual.  The  consumable  siyplies, 
waste  disposal,  and  block  replacement  estimates  presented  in  Table  6-1  were  reduced  50  percent 
accordingly.  Environmental  activity  costs  will  also  be  reduced  somewhat  by  decreased  range 
utilization  as  a  result  of  less  fi-equent  disposal  actions.  The  solid  waste  management  and 
analytical  costs  presented  in  Table  6-1  were  also  reduced  by  50  percent. 

Low  Range  Usage.  Table  6-3  provides  expected  operational  costs  (without  recyclmg)  for  full- 
scale  use  of  the  SACON  technology  based  upon  an  outdoor  25-meter  range  application  vvath 
20  lanes,  each  lane  receiving  7,500  rounds  annually.  Start-up  and  final  disposal  costs  were 
assumed  to  be  constant  regardless  of  throughput.  Some  of  the  annual  operation  costs  were 
reduced  to  reflect  impact  of  the  moderate  range  utilization.  With  roughly  a  7,500  round  uiterval 
before  block  maintenance  is  required,  decreasing  usage  to  7,500  rounds  per  lane  would  reduce 
major  maintenance  to  an  annual  requirement.  The  consumable  supplies,  waste  disposal,  and 
block  replacement  estimates  shown  in  Table  6-1  were  reduced  75  percent,  accordingly. 
Environmental  activity  costs  will  also  be  reduced  somewhat  by  decreased  range  utilization  as  a 
result  of  less  fi-equent  disposal  actions.  The  solid  waste  management  and  analytical  costs  shown 
in  Table  6-1  were  also  reduced  by  75  percent. 

6.2  Cost  Comparison  to  Conventional  and  Other  Technolopes 

SACON,  when  used  in  a  backstop-type  application,  compares  directly  with  COTS  bullet  trajM. 
The  function  of  these  COTS  bullet  traps  is  to  stop  the  bullet  and  contain  the  bullet  debris  within 
the  trap.  The  use  of  SACON,  as  well  as  COTS  bullet  traps,  is  also  comparable  to  the  use  of  soil 
berms  on  ranges.  Soil  berms  are  a  conventional  technology  in  use  at  many  Department  of 
Defense  (DOD)  ranges  to  terminate  the  flight  of  bullets. 


TABLE  6-2.  SACON  COSTS  -  25-METER  RANGE,  20  LANES,  EACH  RECEIVING 

15,000  ROUNDS  PER  YEAR 
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6.2.1  Conventional  Earth  Berm  Technology  Costs 

There  are  approximately  1800  active  DOD  small  arms  ranges.  The  number  of  Oiese  ranges  that 
employ  conventional  soil  berms  is  unknown.  The  primary  purpose  of  conventional  earth  berms 
has  been  to  terminate  the  flight  of  bullets.  As  a  secondary  benefit,  berms  also  serve  to 
concentrate  bullet  deposition.  In  the  past,  the  life  cycle  of  the  berm  has  been  virtually  infinite 
with  appropriate  soil  replenishment.  With  the  advent  of  the  Range  Rule,  the  useful  life  of  the 
berm  will  likely  be  proportional  to  the  time  period  resulting  in  off-range  migration  of  metals.  A 
berm’s  ability  to  control  metal  dispersion  and  localize  metals  varies  with  soil  type  and  berm 
shape.  Depending  on  lead  mobility  and  regulatory  constraints  which  may  be  placed  on  range 
operations,  cleanup  of  metals  deposited  in  and  around  the  soil  berms  may  be  required.  The 
fi’equency  of  cleanups  will  directly  impact  the  cost  effectiveness  of  this  conventional  technology. 
In  order  to  assess  the  impact  of  cleanup  firequency  upon  operational  cost,  three  scenarios  were 
developed  by  USAEC  for  at-risk  ranges.  The  three  scenarios  predicted  cleanup  fi-equency  based 
upon  lead  migration  rates.  At-risk  ranges  were  defined  for  comparison  purposes  as  ranges  vsdiere 
lead  migration  (through  aerial,  surface  water,  and/or  groundwater  transport)  may  result  in 
regulatory  action  being  taken  that  affects  use  or  operation  of  the  range.  AEC  has  concluded  that 
five  parameters  contribute  to  assessing  the  overall  risk  associated  with  lead  migration  fi’om  a 
small  arms  range.  These  parameters  are  ammiinition  mass-fired  on  the  range,  corrosion,  aerial 
transport,  surface  water  transport,  and  groundwater  transport.  These  parameters  can  be 
qualitatively  assessed  using  AEC’s  Range  Evaluation  Software  Tool  (REST)  (ref  23). 

Based  upon  transport  risk,  differing  cleanup  or  maintenance  activities  may  be  required  to  prevent 
lead  migration  off  range.  The  first  scenario  is  a  low-risk  range.  A  low-risk  range,  >^^ere  lead 
transport  is  not  likely  to  occur,  is  defined  to  require  cleanup  only  when  the  range  is  scheduled  for 
closme.  The  second  scenario  is  a  medium-risk  range.  A  medium-  risk  range  is  assumed  to 
require  intermediate  lead  removal  maintenance  actions  at  15-year  intervals.  The  third  scenario  is 
a  high-risk  range.  A  high-risk  range  is  defined  as  requiring  intermediate  lead  removal 
maintenance  actions  as  fi'equently  as  once  every  5  years. 

The  volumes  of  soil  requiring  treatment  used  in  this  comparison  were  based  on  expected 
treatment  requirements  for  heavy  metal-contaminated  soils  originating  from  a  20-lane  25-meter 
range.  The  soil  requiring  treatment  would  likely  originate  from  immediately  in  front  of,  within, 
and  immediately  behind  the  berm.  The  soil  volume  between  the  firing  line  and  the  foot  of  the 
berm  was  based  upon  an  area  of  61  by  30  meters  with  a  required  cleaning  depth  of  1  meter.  The 
entire  berm  section  will  likely  require  cleaning.  The  berm  was  assumed  to  be  61  meters  long. 

The  dimensions  of  the  berm’s  cross  section  were  defined  as  2  meters  high  and  5  meters  wide  on 
the  top  of  the  berm  with  a  30°  side  slope.  The  soil  immediately  behind  the  berm  was  also 
assiimed  to  require  treatment.  This  volume  was  estimated  to  encompass  61  by  30  meters  by 
1  meter  deep. 
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Table  6-4  summarizes  projected  technology  costs  for  the  operation  of  an  outdoor  20-lane 
25-meter  range  employing  conventional  berm  bullet-trappmg  technolo^.  Smce  s  -up  ® 
are  constant  and  annual  cost  variations  appear  minor,  data  presented  m  Table  6-4  will  be  ^ed  for 

comparison  at  the  low,  moderate,  and  high  throughput  levels.  Cleanup  frequ^cy  and  soil 

volumes  appear  to  be  the  cost  drivers.  The  source  of  the  data  presented  m  Table  6-4  is  mixed 
between  interviews  with  range  managers  and  engineering  judgment. 


Direct  Process  Costs.  Site  evaluation  and  equipment  integration  costs  mcluded  m  Ae  estimate 

were  conducting  a  NEPA  evaluation,  surveying,  utility  avoidance  sweep,  and  iriodifyuig 

operational  procedures.  Assumptions  were  made  that  a  record  of  environmental  considerahon 
would  be  sufficient  to  satisfy  NEPA  requirements  and  that  surveymg,  uttlity  avoidance,  and 
modifying  operational  procedures  would  be  similar  for  the  implementotion  of  the  vanous 
technologies.  Initial  installation  estimates  were  based  upon  constructing  an  earthen  berm, 

80  meters  long  by  2  meters  high  by  5  meters  wide  at  the  top,  to  trap  bullets  on  a  20-l^e, 
outdoor  25-meter  range.  The  construction  cost  estimates  included  labor,  matenal,  and  equipment 
costs  (ref  RS  Means  Building  Construction  Costs  Data).  Construction  processes  mcluded 
hauling,  placing,  and  compacting  the  soil  into  a  berm.  Equipment  requirements  were  assumed  to 
include  dump  trucks,  a  bulldozer,  and  a  compaction  machine.  A  20-^e  roimd  tnp  haulmg 
distance  was  assumed.  Completion  of  the  berm  construction  was  estimated  m  3  weeks.  Imtial 
operator  training  was  assumed  to  include  only  OSHA  training. 


Annual  Operation  and  Maintenance  Activity.  Cost  estimates  were  based  ^ 

gathered  through  interviews  with  Fort  Jackson  range  personnel  (ref  22).  Monthly  PMCS 
requirements  would  entail  a  visual  inspection  to  ensure  the  fitness  of  the  berm,  i.e.,  evidence  of 
erosion.  The  monthly  PMCS  was  assumed  to  take  about  30  minutes  to  complete  at  a  cost  of 
$30  per  hour.  The  PMCS  cost  was  estimated  at  $1 80  annually.  Interviews  with  range  personne 
at  Fort  Jackson  revealed  a  need  to  repair  the  berm  approximately  semiannually.  The  semiamual 
maintenance  consists  of  repairing  cavities  in  the  berm  created  by  repeated  and  concentrated 
bullet  impacts.  The  repair  is  made  by  filling  the  pockets  with  soil  and  compactmg  usmg  hand 
tools.  The  maintenance  action  is  completed  by  seeding  and  fertilizing  to  stabilize  the  repaired 
area  For  the  semiannual  maintenance  task,  two  range  workers  were  assumed  to  complete  a 
semiannual  maintenance  event  in  8  hours.  The  annual  labor  cost  to  complete  two  semiannual 
maintenance  events  was  estimated  to  be  $960.  Other  periodic  maintenance  includes  grass 

cutting.  Four  grass  cutting  events  were  assumed  per  year.  The  cost  of  grass  cutting  was 

estimated  at  $960  per  year.  Consumable  supplies,  including  soil,  grass  seed,  fertilizer,  fuel,  an 
hand  tools,  were  estimated  to  cost  $500  annually.  No  annual  waste  disposal  costs  are  mcurred 
through  present  range  operations. 


Environmental  Activity  and  Other  Costs.  No  annual  environmental  costs  are  mcurred  by 
current  range  practices.  Audits,  document  maintenance,  environmental  management  plans, 
sampling  and  analysis,  and  environmental  training  are  not  currently  required  to  operate  a  range. 
A  final  disposal  cost  was  estimated  based  upon  ex-situ  treatment  of  the  lead-contammated  soi . 
A  cost  of  $164  per  ton  was  used  to  estimate  the  cost  of  soil  remediation  (ref  7).  For  estimation 
purposes,  the  soil  requiring  remediation  was  defined  as  61-  by  25-  by  1-meter  soil  volume  m 
front  of,  the  entire  volume  in  within,  and  the  30-  by  61-  by  1-meter  volume  immediately  behmd 

the  berm. 
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6.2.2  COTS  BuUet  Trap  Costs  .m.  u  iw*.. 

There  are  a  number  of  different  types  of  bullet  traps  available  on  the  marlret  The  bullet  traps 
differ  in  the  manner  in  which  they  impart  friction  on  the  bullet  to  stop  its  flight.  Generally,  bullet 
traps  accomplish  this  through  three  basic  designs:  impact,  deceleration,  or  friction. 

In  order  to  assess  the  potential  benefits  of  COTS  bullet  traps  to  range  operations,  imtiated  a 
test  program  concurrently  with  the  SACON  test  program.  Three  of  the  most  popular  TO're 
bullet  traps  were  tested  by  ATC  as  part  of  TECOM  Project  No.  1 -CO- 160-000- 192.  The  traps 
selected  for  testing  represented  the  fiiction  and  deceleration  categories.  Impact-type  traps  were 
not  tested  due  to  their  inability  to  contain  bullet  debris.  Direct  and  indirect  cost  extrapolations 
were  made  based  upon  actions  related  to  the  concurrent  COTS  demonstration,  other  published 
DOD  evaluations,  and  engineering  judgment. 


6.2.2.1  GRFT  Technology.  A  description  and  photographs  of  the  GW^T  technology  appe^  in 
Section  5.3.  Table  6-5  summarizes  projected  technology  implementation  costs  for  the  granular 
rubber  bullet-trapping  technology. 

Direct  Process  Costs.  Initial  equipment  purchase  and  installation  estimates  were  based  upon  a 
manufacturer's  quote  for  equipping  a  200-foot  wide,  20-lane,  outdoor  25-meter  range  (re  ). 
Site  preparation  estimates  were  based  upon  preparing  a  range  at  ATC  to  accept  the  conmercial 
trap.  The  preparation  would  entail  the  construction  of  a  200-foot  long  by  18.75-foot  wide  by 
6-inch  thick  concrete  pad.  Site  evaluation  and  equipment  integration  costs  included  m  the 
estimate  were  conducting  an  NEPA  evaluation,  surveying,  utility  avoidance  sweep,  and 
modifying  operational  procedures.  Assumptions  were  made  that  a  record  of  environmental 
consideration  would  be  sufficient  to  satisfy  NEPA  requirements  and  that  surveying,  utility 
avoidance,  and  modifying  operational  procedures  would  be  similar  for  the  implementation  of  the 
various  technologies.  Initial  operator  training  was  assumed  to  include  new  equipment, 
environmental,  and  OSHA  training. 
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TABLE  6-5.  GRANULAR  RUBBER  TECHNOLOGY  COSTS  25-METER  RANGE,  20  LANES,  EACH  RECEIVING 

30,000  ROUNDS  PER  YEAR 


66 


No  increase  over  current  costs. 


Annual  Operation  and  Maintenance  Activity.  Cost  estimates  were  based  upon  ubli^g 
existing  ATC  labor  and  disposal  mechanisms,  except  as  noted  other\^se.  WeeUy  PMCS 
requirements  would  entail  a  visual  inspection  to  ensure  proper  granular  rubber  height  ^d  fitness 
of  the  rubber  cover.  The  weekly  PMCS  was  assumed  to  take  one  range  worker  about  30  mmutes 
to  complete.  The  annual  cost  to  complete  the  weekly  PMCS  requirements  was  estimated  at 
$780.  During  testing  at  ATC,  patching  of  the  rubber  cover  was  required  after  3200  roun^  were 
fired.  Under  the  30,000-rounds-per-lane  scenario,  this  equates  to  a  need  for  approxunate  Y 
200  patches  per  year.  The  actual  number  of  patches  would  be  less  ^th  less  concentrated  bullet 
impacts.  Time  to  patch  was  estimated  at  15  minutes  per  patch,  utiUzmg  two 
$30  per  hour.  An  annual  labor  cost  to  perform  patching  was  estimated  to  be  $3000.  Comp  e  e 
replacement  of  the  rubber  cover  was  assumed  to  be  required  yearly.  The  effort  was  esfimated  to 
require  two  range  workers  24  hours  each  to  complete  for  an  annual  labor  cost  of  $  WO 
Removal  of  bullet  debris  was  estimated  by  the  manufacturer  to  be  required  every  50,000  to 
70  000  rounds.  Cost  for  the  removal  of  tiie  debris  was  estimated  roughly  at  $3600  based  upon 
utilizing  three  range  workers  for  40  hours  each.  At  the  30,000-roimd-per-lane  usage  rate,  a 
two-year  maintenance  cycle  was  assumed.  Consumable  supplies  included  in  the  estimate  we 
rubber  (1  percent  of  the  original  weight,  $500),  patch  kits  ($1,200),  and  rubber  covers  ($10  000). 
Annual  waste  generation  rates  were  based  upon  the  yearly  disposal  of  the  rubber  covers  only. 
Disposal  of  the  granular  rubber  was  not  considered  because  the  useful  life  of  the  rubber  is  not 
known.  As  part  of  the  metals  reclamation  process,  the  degraded  rubber  is  separated  from  the 
metal  and  returned  to  the  trap.  Replacement  rubber  is  added  as  needed  to  maintain  proper 
operating  levels.  Two  hours  of  equipment  refresher  training  for  four  range  workers  was  ass^ed 
at  a  cost  of  $240  annually.  Overhead  for  ordering  materials,  preparing  for  maintenance,  and  the 
like  was  estimated  at  $1000  annually. 


Environmental  Activity  and  Other  Costs.  Development  and  maintenance  of  range  operational 
procedures  by  an  Environmental  Protection  Specialist  were  estimated  to  cost  $1080  annually. 

The  procedures  would  outline  range  procedures  and  delineate  responsibilities  necessary  to  ensure 
bullet-trap  operations  were  environmentally  compliant.  The  $1080  figure  was  based  upon 
24  hours  of  annual  effort  at  $45  per  hour.  The  annual  cost  of  hazardous  waste  management  was 
estimated  at  $90  based  upon  the  utilization  of  2  hours  of  an  Environmental  Protection 
Specialist’s  labor  at  $45  per  hour.  The  hazardous  waste  management  costs  were  based  upon  a 
1-hour  range  inspection  followed  up  with  1  hour  of  associated  paperwork  correspondmg  to  each 
waste  tum-in  action.  The  purpose  of  the  inspection  would  be  to  ensure  that  proper  techniques 
are  being  followed  to  ensure  operations  are  RCRA  compliant  and  in  accordance  with  the 
established  range  procedures.  Execution  of  sampling  and  analysis  to  characterize  the  waste 
stream  was  estimated  based  upon  the  cost  to  complete  one  TCLP  metals  analysis  per  year. 
Analytical  costs  were  estimated  to  be  $350  per  year.  Annual  training  to  ensure  compliance  with 
OSHA  and  environmental  requirements  was  estimated  at  8  hours  per  person  for  four  range 
workers.  Training  costs  were  estimated  to  be  $960  annually.  A  final  disposal  cost  was  estimated 
by  summing  the  installation  costs  and  hazardous  waste  disposal  costs.  Waste  costs  were  based 
upon  disposing  of  the  entire  mass  of  the  trap  as  a  hazardous  waste. 
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Moderate  Range  Usage.  Table  6-6  provides  expected  operational  costs  for  a  fiill-scale  use  of 
the  GRFT  technology  based  upon  an  outdoor  25-meter  range  application  with  20  lanes,  each  lane 
receiving  15,000  rotmds  annudly.  Start-up  and  final  disposal  costs  were  assumed  to  be  constant 
regardless  of  throughput  Some  of  the  annual  operation  costs  were  reduced  to  reflect  impact  of 
the  moderate  range  utilization.  The  fi'equency  of  the  metals  reclamation  activity  was  reduced  to 
four-year  intervals.  The  consumable  supplies  and  waste  disposal  estimates  presented  in 
Table  6-5  were  reduced  50  percent  accordingly.  Environmental  activity  costs  will  also  be 
reduced  somewhat  by  decreased  range  utilization  as  a  result  of  less  fi'equent  disposal  actions. 

The  hazardous  waste  management  and  analytical  costs  presented  in  Table  6-5  were  also  reduced 
by  50  percent. 

Low  Range  Usage.  Table  6-7  provides  expected  operational  costs  for  a  full-scale  use  of  the 
GRFT  technology  based  upon  an  outdoor  25-meter  range  application  with  20  lanes,  each  lane 
receiving  7500  rounds  annually.  Start-up  and  final  disposal  costs  were  assumed  to  be  constant 
regardless  of  throughput  Some  of  the  annual  operation  costs  were  reduced  to  reflect  impact  of 
the  low  range  utilization.  The  fi-equency  of  the  metals  reclamation  activity  was  reduced  to  every 
eight  years.  The  consumable  supplies  and  waste  disposal  estimates  presented  in  Table  6-5  were 
reduced  75  percent  accordingly.  Environmental  activity  costs  will  also  be  reduced  somewhat  by 
decreased  range  utilization  as  a  result  of  less  frequent  disposal  actions.  The  hazardous  waste 
management  and  analytical  costs  presented  in  Table  6-5  were  also  reduced  by  75  percent. 

6.2.2.2  Block  Rubber  Friction  Trap  Technology.  A  description  and  photographs  of  this 
technology  appear  in  Section  5.3.  Table  6-8  summarizes  projected  fiill-scale  technology 
implementation  costs  for  the  block  rubber  bullet-trapping  technology. 

Direct  Process  Costs.  Initial  equipment  purchase  and  installation  estimates  were  based  upon  a 
manufacturer's  quote  for  equipping  a  200-foot  wide,  20-lane,  outdoor  25-meter  range  (ref  67). 

Site  preparation  estimates  were  based  upon  preparing  a  range  at  ATC  to  accept  the  commercial 
trap.  The  preparation  would  entail  the  construction  of  a  200-foot  long  by  5-foot  wide  by  8-inch 
thick  concrete  pad.  Site  evaluation  and  equipment  integration  costs  included  in  the  estimate 
were  conducting  an  NEPA  evaluation,  surveying,  conducting  a  utility  avoidance  sweep,  and 
modifying  operational  procedures.  Assumptions  were  made  that  a  record  of  environmental 
consideration  would  be  sufficient  to  satisfy  NEPA  requirements  and  that  surveying,  utility 
avoidance,  and  modifying  operational  procedures  would  be  similar  for  the  implementation  of  the 
various  technologies.  Initial  operator  training  was  assumed  to  include  new  equipment, 
environmental,  and  OSHA  training. 
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TABLE  6-6  GRANULAR  RUBBER  TECHNOLOGY  COSTS  25-METER  RANGE,  20  LANES,  EACH  RECEIVING 

15,000  ROUNDS  PER  YEAR 
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TABLE  6-7.  GRANULAR  RUBBER  TECHNOLOGY  COSTS  25-METER  RANGE,  20  LANES,  EACH  RECEIVING 

7,500  ROUNDS  PER  YEAR 
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TABLE  6-8.  BLOCK  RUBBER  TECHNOLOGY  COSTS  -  25-METER  RANGE,  20  LANES,  EACH  RECEIVING 

30,000  ROUNDS  PER  YEAR 


171 


Annual  Operation  and  Maintenance  Activity.  Cost  estimates  were  based  upon  utilizing 
existing  ATC  labor  and  disposal  mechanisms,  except  as  noted  otherwise.  Weekly  PMCS 
requirements  would  entail  a  visual  inspection  to  ensure  adequate  block  depth  remained  and 
general  fitness  of  the  trap.  The  weekly  PMCS  was  assumed  to  take  about  30  minutes  to 
complete  at  an  annual  cost  of  $780.  During  testing  at  ATC,  blocks  received  3,200  rormds 
without  reaching  the  back  panels.  Under  the  30,000-rounds-per-lane  scenario,  a  block  life  of 
3,200  rounds  would  equate  to  a  need  for  approximately  200  block  replacements  per  year.  The 
actual  number  of  block  replacements  would  be  less  with  less  concentrated  bullet  impacts.  Time 
to  replace  a  block  was  estimated  at  15  minutes  per  block  and  was  considered  a  two-man  task. 
Five  rubber  panels  were  assumed  to  be  replaced  yearly.  The  mass  of  200  blocks  and 
600,000  bullets  were  combined  to  yield  an  aimual  disposal  requirement  Consumable  supplies 
included  in  the  estimate  were  200  rubber  blocks  and  five  rubber  back  panels.  Two  hours  of 
equipment  refi'esher  training  for  four  range  workers  was  assumed  at  a  cost  of  $240  annually. 

Environmental  Activity  and  Other  Costs.  Environmental  management  costs  for  the  block 
rubber  trap  would,  in  general,  be  higher  than  those  for  S  ACON  because  of  increased 
maintenance  fi-equencies.  More  waste  tum-ins  equate  to  more  paperwork  and  possibly  more 
analytical  testing  to  characterize  the  waste  stream  adequately.  For  estimation  purposes,  the  cost 
of  sampling  and  analyzing  four  TCLP  samples  was  included  to  establish  generator  knowledge  of 
the  waste  stream  characteristics.  The  annual  cost  of  sampling  and  analysis  was  estimated  to  be 
$1500.  The  fi'equency  of  waste  generation  with  the  rubber  block  technology  appears  to  be 
approaching  monthly  intervals.  The  cost  to  ensure  compliance  with  RCRA  and  range  procedmes 
would  thus  be  increased  by  approximately  a  factor  of  6  when  compared  to  SACON.  The  annual 
cost  of  completing  hazardous  waste  management  functions  such  as  waste  tum-in  documentation, 
compliance  inspections,  and  associated  paperwork  necessary  to  ensure  RCRA  compliance  was 
estimated  to  cost  $900  annually.  The  cost  was  based  upon  a  2-hour  inspection  and 
documentation  effort  being  completed  commensurate  with  each  hazardous  waste  tum-in.  Annual 
training  to  ensure  compliance  with  OSHA  and  environmental  requirements  was  estimated  at 
8  hours  per  person  for  four  range  workers.  Training  costs  were  estimated  to  be  $1200  annually. 
Overhead  for  ordering  materials,  preparing  for  maintenance,  and  the  like  was  estimated  at  $1000 
annually.  Final  disposal  was  estimated  by  summing  the  installation  costs  and  hazardous  waste 
disposal  costs  based  upon  the  entire  mass  of  the  trap. 

Moderate  Range  Usage.  Table  6-9  provides  expected  operational  costs  for  a  full-scale  use  of 
the  mbber  block  technology  based  upon  an-outdoor  25-meter  range  application  with  20  lanes, 
each  lane  receiving  15,000  roimds  annually.  Start-up  and  final  disposal  costs  were  assumed  to 
be  constant  regardless  of  throughput.  Some  of  the  annual  operation  costs  were  reduced  to  reflect 
impact  of  the  moderate  range  utilization.  The  fi'equency  of  block  replacement  was  reduced  from 
monthly  to  every  other  month.  The  consumable  supplies  and  waste  disposal  estimates  presented 
in  Table  6-8  were  reduced  50  percent  accordingly.  Environmental  activity  costs  will  also  be 
reduced  somewhat  by  decreased  range  utilization  as  a  result  of  less  frequent  disposal  actions. 

The  hazardous  waste  management  and  analytical  costs  presented  in  Table  6-8  were  also  reduced 
by  50  percent. 
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TABLE  6-9  BLOCK  RUBBER  TECHNOLOGY  COSTS  -  25-METER  RANGE,  20  LANES,  EACH  RECEIVING 

15,000  ROUNDS  PER  YEAR 
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Low  Range  Usage.  Table  6-10  provides  expected  operational  costs  for  a  full-scale  use  of  the 
block  rubber  technology  based  upon  an  outdoor  25-meter  range  application  with  20  lanes,  each 
lane  receiving  7,500  roimds  aimually.  Start-up  and  final  disposal  costs  were  assumed  to  be 
constant  regardless  of  throughput.  Some  of  the  annual  operation  costs  were  reduced  to  reflect 
impact  of  the  low  range  utilization.  The  fi'equency  of  block  replacement  was  reduced  to 
semiannual.  The  consumable  supplies  and  waste  disposal  estimates  presented  in  Table  6-8  were 
reduced  75  percent  accordingly.  Environmental  activity  costs  will  also  be  reduced  somewhat  by 
decreased  range  utilization  as  a  result  of  less  frequent  (Usposal  actions.  The  hazardous  waste 
management  and  analytical  costs  presented  in  Table  6-8  were  also  reduced  by  75  percent. 

6.2.2.3  Deceleration  Trap  Technology.  A  description  and  photographs  of  the  deceleration 
trap  technology  appear  in  Section  5.3.  Table  6-11  summarizes  projected  technology 
implementation  costs  for  the  deceleration  bullet-  trapping  technology. 

Direct  Process  Costs.  Initial  equipment  purchase  and  installation  estimates  were  based  upon  a 
manufacturer's  quote  for  equipping  a  200-foot  wide,  20-lane,  outdoor  25-meter  range  (ref  67). 
Site  preparation  estimates  were  based  upon  preparing  a  range  at  ATC  to  accept  the  commercial 
trap.  The  preparation  would  entail  the  construction  of  a  200-foot  wide  by  21 -foot  deep  by  6-inch 
thick  concrete  pad  and  providing  electrical  power.  Site  evaluation  and  equipment  integration 
costs  included  in  the  estimate  were  conducting  an  NEPA  evaluation,  surveying,  conducting  a 
utility  avoidance  sweep,  and  modifying  operational  procedures.  Assumptions  were  made  that  a 
record  of  environmental  consideration  would  be  sufficient  to  satisfy  NEPA  requirements  and  that 
surveying,  utility  avoidance,  and  modifying  operational  procedures  would  be  similar  for  the 
implementation  of  the  various  technologies.  Initial  operator  training  was  assumed  to  include 
new  equipment,  environmental,  and  OSHA  training. 
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TABLE  6-10  BLOCK  RUBBER  TECHNOLOGY  COSTS  -  25-METER  RANGE,  20  LANES,  EACH  RECEIVING 

7,500  ROUNDS  PER  YEAR 
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TABLE  6-11.  DECELERATION  TRAP  TECHNOLOGY  COSTS  -  25-METER  RANGE,  20  LANES,  EACH  RECEIVING 

30,000  ROUNDS  PER  YEAR 


6 


Annual  Operation  and  Maintenance  Activity.  Cost  estimates  were  based  S 

existing  ATC  labor  and  disposal  mechanisms,  except  as  noted  otherwise.  Daily  PMC 
requirements  would  entail  a  visual  inspection  to  ensure  adequate  filter  differential  pressure  md 
general  fitness  of  the  trap.  The  daily  PMCS  was  assumed  to  take  about  30  mmutes  to  complete 
It  an  annual  cost  of  $3750.  The  cost  was  based  upon  an  estimated  250  traimng^ys  per  year 
Testing  at  ATC  was  terminated  prior  to  determining  the  dmability 

military  ammunition.  The  life  of  the  plates,  deceleration  chamber,  and  DCU  has  not  been 
deteSied  by  government  testing.  It  appears  that  only  a  minimal  amount  hazardo^  w^te 
would  be  genwated  by  the  operation.  The  hazardous  waste  would  consist  pimanly  of  ^ent 
filters  and  materials  mcd  to  clean  accumulated  dust.  Bullet  debris  and  ”«tal  panels  fol  o^g  a 
render-safe  would  likely  be  reclaimed  as  a  scrap  metal.  A  4-hour  annual  equipment  ^^““8 
session  for  four  range  workers  was  assumed.  The  duration  of  the  training  was  extended  because 
of  the  additional  complexity  of  the  trap.  Overhead  for  ordering  materials,  preparing  ot 
maintenance,  and  the  like  was  estimated  at  $1000  annually.  Annual  opmtion  and  maintenance 
costs  were  not  included  in  Table  6-1 1  due  to  the  unknown  durability  and  required  mamtenance 

fi'equency  of  the  trap. 

Environmental  Activity  and  Other  Costs.  A  $1080  annual  cost  to  develop  and  mmntein  range 
operational  procedures  was  assumed  to  be  constant  regardless  of  the  bullet-trappmg  technology 
chosen.  The  annual  cost  of  hazardous  waste  management  is  unknown.  Annual  trainmg  to  ensme 
compliance  with  OSHA  and  environmental  requirements  was  estimated  at  8  horns  per  person  for 
four  range  workers.  Training  costs  were  estimated  to  be  $960  annually.  Fmal 
estimated  by  summing  the  installation  costs  ($14,500)  and  soil  treatment  costs  ($326  000).  The 
cost  of  the  fmal  disposition  of  the  metal  trap  was  not  considered  because  of  potentially  limited 
scrap  value.  Soil  treatment  costs  are  likely  to  be  incurred  as  result  of  a  to  contam  d^ 

emissions.  For  estimation  purposes,  the  soil  requiring  remediatira  was  defined  as  61-  by  20-  by 
1  -meter  soil  volume.  It  was  assumed  that  interim  remediation  efforts  would  not  be  reqimed  to 
maintain  compliance  with  environmental  regulations.  Final  disposal  was  estimated  based  upon 
ex-situ  treatmL  of  the  lead-contaminated  soil.  A  cost  of  $164  per  ton  was  used  to  estimate  the 
cost  of  soil  remediation  (ref  7).  The  mass  of  the  soil  was  assumed  to  be  1 .63  tons  per  cubic 
meter  of  soil. 

Moderate  and  low  range  usage  estimates  were  not  made  due  to  a  lack  of  durability  data  necessary 
to  extrapolate  maintenance  costs. 

A^  a^^l  n^tlqu^alent  value  (ANEV)  was  calculated  for  each  ^ectoolo^  atotives. 
The  formula  used  to  derive  the  ANEV  is  presented  in  Figure  6-1  (ref  62).  The  ANEV 
calculation  transforms  present  and  future  costs  to  annual  costs  for  compmson  WOses_ 
Assumptions  made  were  an  interest  rate  of  3.65  percent  (ref  61)  and  a  15-year  life  (ref  59). 


ANEV  =  -(A/P)'n(Imtial  Costs)  -  Annual  Costs  -  (A/F)  *n(Disposal  Costs) 

where: 

(A/py„  =  (i(i+i)")/((i+i)"-i). 

(A/F)‘„  =  i/((l+i)”-l). 
i  =  interest  rate, 
n  =  number  of  years. 


Figure  6-1.  ANEV  formula 

Cost  data  presented  in  Tables  6-1  through  6-11  have  been  summarized  in  Tables  6-12,  6-14, 
and  6-16  for  use  in  the  ANEV  analysis.  Analysis  of  the  data  yielded  to  common  trends.  First, 
range  utilization  rates  affect  annual  operation  and  environmental  costs  for  all  the  technologies 
except  for  the  conventional  berm  technology.  The  rationale  behind  this  trend  is  simple;  less 
usage  equates  to  less  maintenance  and  reduced  consumable  supply  usage.  The  conventional 
berm  maintenance  would  likely  be  reduced  slightly.  However,  current  operational  methods  do 
not  generate  wastes  imtil  closure.  The  second  trend  relates  to  a  risk  reduction  realized  by  the 
incorporation  of  technologies  which  contain  the  bullet  and  bullet  debris.  If  a  technology 
localizes  bullets  and  bullet  debris,  cleanup  of  the  range  will  not  be  dependent  upon  transport  risk. 


TABLE  6-12.  HIGH-USE  RANGE  -  BULLET-TRAP  TECHNOLOGY  COST 

COMPARISON  SUMMARY 


Technology 

Start-Up,  $ 

Annual 
Operation  and 
Maintenance,  $ 

Annual 

Environmental 
Activity 
Costs,  $ 

Disposal,  $ 

SACON 

33,331 

74,471 

3,900 

17,664 

Conventional  berm 

58,920 

2,600 

480 

1,176,000 

Deceleration  (COTS) 

316,270 

No  estimate 

No  estimate 

340,500 

Block  rubber 

132,895 

30,664 

4,440 

30,123 

Granular  rubber 

229,035 

“18,224 

2,505 

50,050 

“Excluding  metals  recovery.  Metals  recovery  factored  in  as  a  fiiture  cost  every  n  years. 


The  high-use  range  ANEVs  derived  are  presented  in  Table  6-13. 
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TABLE  6-13.  HIGH-USE  RANGE  -  ANNUAL  NET  EQUTV ALENT 

VALUE  COMPARISON 


Technology 

ANEV  Cost 

Low 

Risk,  $ 

Medium 
Risk,  $ 

High 

Risk,  $ 

Conventional 

“14,237 

68,525 

406,266 

SACON 

82,201 

82,201 

82,201 

Deceleration 

No  estimate 

No  estimate 

No  estimate 

Block  rubber 

48,309  n 

48,309 

48,309 

Granular  rubber 

47,707 

47,707 

47,707 

“Based  upon  a  50-year  berm  life. 


TABLE  6-14.  MODERATE-USE  RANGE  -  BULLET-TRAP  TECHNOLOGY  COST 

COMPARISON  SUMMARY 


Technology 

Start-Up,  $ 

Annual 
Operation  and 
Maintenance,  $ 

Annual 

Environmental 
Activity 
Costs,  $ 

Disposal,  $ 

SACON 

33,331 

35,937 

2,970 

17,664 

Conventional  berm 

58,920 

2,600 

1,176,000 

Deceleration  (COTS) 

316,270 

No  estimate 

No  estimate 

340,500 

Block  rubber 

132,895 

16,342 

3,240 

30,123 

Granular  rubber 

229,035 

10,122 

2,273 

50,050 

The  moderate-use  range  ANEVs  derived  are  presented  in  Table  6-15. 


TABLE  6-15.  MODERATE  USE  RANGE  -  ANNUAL  NET 
EQUIVALENT  VALUE  COMPARISON 


Technology 

ANEV  Cost 

Low 

Risk,  $ 

Medium 
Risk,  $ 

High 

Risk,  $ 

Conventional 

“14,237 

68,525 

406,266 

SACON 

42,737 

42,737 

42,737 

Deceleration 

No  estimate 

No  estimate 

No  estimate 

Block  rubber 

32,788 

32,788 

32,788 

Granular  rubber 

36,550 

36,550 

36,550 

“Based  upon  a  50-year  berm  life. 
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TABLE  6-16.  LOW-USE  RANGE  -  BULLET-TRAP  TECHNOLOGY  COST 

COMPARISON  SUMMARY 


Technology 

Start  -Up,  $ 

Annual 
Operation  and 
Maintenance,  $ 

Annual 

Environmental 
Activity 
Costs,  $ 

Disposal,  $ 

SACON 

33,331 

18,964 

2,505 

17,664 

Conventional  berm 

58,920 

2,600 

480 

1,176,000 

Deceleration  (COTS) 

31,6270 

No  estimate 

No  estimate 

340,500 

Block  rubber 

132,895 

9,182 

2,640 

30,123 

Granular  rubber 

229,035 

6,071 

2,157 

50,050 

The  low-use  range  ANEVs  derived  are  presented  in  Table  6-17. 


TABLE  6-17.  LOW-USE  RANGE  -  ANNUAL  NET  EQUIVALENT 
VALUE  COMPARISON 


Technology 

ANEV  Cost  1 

Low 

Risk,  $ 

Medium 
Risk,  $ 

High 

Risk,  $ 

Conventional 

68,525 

406,266 

SACON 

25,299 

25,299 

25,299 

Deceleration 

No  estimate 

No  estimate 

No  estimate 

Block  rubber 

25,028 

25,028 

25,028 

Granular  rubber 

31,287 

31,287 

31,287 

“Based  upon  a  50  year  berm  life 


Table  6-18  summarizes  the  ANEV  calculations  by  presenting  the  lowest  cost  technology  per 
category.  For  the  low  usage,  medium-  and  high-risk  categories,  the  block  rubber  and  SACON 
had  essentially  the  same  ANEV. 
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TABLE  6-18.  ANEV  BY  CATEGORY 


Usage  Rate 

Risk 

Low 

Medium 

High 

High 

Conventional  berm 

Granular  rubber 

Granular  rubber 

Moderate 

Conventional  berm 

Block  rubber 

Block  rubber 

Low 

Conventional  berm 

Block  rubber/SACON 

Block  rubber/SACON 

Based  upon  the  economic  data  pmscntcd,  the  range  of  applicability  for  the  SACON  technology 
would  be  on  ranges  of  medivun  to  high  risk  with  low-  to  moderate-usage  rates. 
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7.  Regulatory  Issues 


Routine  maintenance  and  environmental  assessment  of  ranges  are  not  specifically  addressed  in 
any  single  Federal  regulation.  However,  portions  of  different  Federal  regulations  could  be 
applicable  in  certain  situations  and  should  be  considered.  Federal  laws  such  as  the  Clean  Water 
Act  (CWA);  Safe  Drinking  Water  Act;  Resource  Conservation  and  Recovery  Act  (RCRA);  and 
the  Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  (CERCLA)  can 
be  applied  to  active  small  arms  ranges  (ref  68).  For  example,  in  April  1997,  EPA  Region  I  relied 
on  the  Safe  Drinking  Water  Act  to  stop  training  at  the  Massachusetts  Military  Reservation.  This 
was  based  on  allegations  that  ongoing  training  activities  caused  an  imminent  and  substantial 
threat  of  contamination  to  the  sole  source  aquifer  under  the  impact  area.  A  summary  of  each 
regulation’s  potential  impact  on  range  use  is  as  follows: 

CERCLA:  Title  40  Code  of  Federal  Regulations  (CFR)  Part  302,  Designation,  Reportable 
Quantities,  and  Notification  (promulgated  in  response  to  requirements  of  the  CERCLA  and  the 
Emergency  Planning  and  Community  Right-to-Know  Act  of  1986  (EPCRA)),  designates  lead  as 
a  hazardous  substance  and  requires  the  reporting  of  releases  to  the  environment.  To  be  a 
reportable  release  under  40  CFR  Part  302,  the  amount  of  the  release  must  equal  or  exceed,  within 
a  24-hour  period,  the  reportable  quantity  (RQ)  for  the  hazardous  substance.  Per  Section  302.6, 
Notification  Requirements,  notification  must  be  provided  to  EPA's  National  Response 
Center  (800-424-8802)  if  a  release  occurs  of  1  pound  or  more  of  solid  lead  particles  less  than  or 
equal  to  100  micrometers  in  mean  diameter.  A  release  of  diis  type  would  be  unlikely  at  a 
military  small  arms  firing  range. 

Regardless  of  whether  the  RQ  for  lead  or  other  contaminants  has  been  exceeded  at  a  range,  the 
EPA  can,  imder  CERCLA  authority,  require  that  lead-contaminated  soils  and  groundwater  be 
investigated  and  remediated.  This  can  include  any  oflf-site  environmental  contamination 
originating  from  the  site,  if  such  lead  contamination  has  been  determined  to  pose  an 
imacceptable  potential  risk  to  human  health  or  the  environment. 

RCRA:  At  operational  firing  ranges,  lead-containing  bullets  are  fired  and  eventually  fall  to  the 
ground  at  or  near  the  range.  The  EPA  has  determined  the  act  of  firing  ammunition  does  not,  by 
itself,  generate  a  solid  waste  imder  RCRA  because  the  ammunition  is  being  used  for  its  intended 
purpose  (i.e.,  it  has  not  been  "discarded"). 

Under  RCRA,  removing  lead-containing  bullets,  lead-contaminated  soil,  or  lead-contaminated 
range  debris  from  a  firing  range  or  abandoning  a  range  containing  such  material  may  be  viewed 
as  discarding,  making  the  removed  materials  solid  waste  subject  to  RCRA  disposal  regulations. 
However,  the  EPA  has  deferred  to  the  drafters  of  the  DOD  Range  Rule  (discussed  furdier  below) 
any  action  on  the  issue  of  abandonment  or  transfer  being  equivalent  to  discarding.  The  DOD 
Range  Rule  proposes  to  address  such  sites  according  to  a  CERCLA-like  process,  rather  than 
under  RCRA  authority,  where  risks  posed  to  human  health  and  environmental  receptors  are 
evaluated  via  site-specific  investigations  and  risk-based  remediation  goals.  This  is  currently  the 
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way  the  EPA  Munitions  Rule  addresses  the  investigation  and  cleanup  of  active  and  ^active 
ranges.  The  public  comment  period  for  the  DOD  Proposed  Rule  ended  in  DecembCT  1997.  T^e 
EPA  will  judge  whether  the  DOD’s  Final  Range  Rule  "adequately  protects  human  health  and  the 

environment"  after  it  is  published. 

Any  RCRA-regulated  solid  waste  destined  for  land  disposal  must  be  pre-evaluated  for  its 
potential  environmental  impact.  (It  is  important  to  note  that  not  all  ranges  or  wastes 
collected/originating  from  ranges  are  necessarily  going  to  be  subject  to  regulation  under  RLKA. 
See  below  under  EPA  Final  Munitions  Rule  and  DOD  Proposed  R^ge  Rule  for  further 
discussion.)  RCRA-regulated  solid  wastes  are  deemed  hazardous  if  they  ^e  a  listed  waste  or 
exhibit  any  of  the  hazardous  waste  characteristics  such  as  toxicity,  ignitability,  corrosivity,  and 
reactivity.  If  a  soil  or  debris  sample  when  subject  to  the  TCLP  produces  a  result  in  excess  of  the 
regulatory  limit  for  lead  (5  milligrams  per  liter  (parts  per  million)),  then  the  waste  represented  by 
the  sample  becomes  a  characteristic  hazardous  waste  due  to  its  leachable  lead  concentration^d 
would  be  subject  to  RCRA  regulation  as  a  hazardous  waste  for  disposal  purposes.  As  the  pH  of 
the  lead-containing  soil  or  debris  approaches  7  (neutral)  or  higher  (alkaline),  its  potential  for 
leaching  lead  above  5  ppm  during  TCLP  testing  is  lowered.  In  addition  to  pH,  other  im^rtant 
variables  affecting  the  potential  for  leaching  lead  from  soil  or  debris  samples  during  TCLP 
testing  are  grain  size  and  whether  the  lead  is  in  elemental  form  or  weathered  corrosion  products. 

Certain  sifting  and  collection  activities  can  be  used  to  recover  lead  fragments  from  range  soils 
and  debris.  Recovered  lead  fragments  destined  for  recycling  are  exempt  from  RCRA  regulation. 
However,  recovered  material  not  destined  for  recycling  and  soil  or  debris  handled  durmg  the 
recovery  process  may  be  subject  to  RCRA  regulation  as  a  solid  waste  or  a  hazardous  waste. 

According  to  EPA,  authority  exists  under  RCRA  to  compel  remediation  where  an  muninent  and 
substantial  endangerment  to  health  or  the  environment  (e.g.,  contamination  of  a  sensitive  habitat 
or  a  drinking  water  supply)  may  have  been  created  by  mumtions  fragments  at  a  firing  range. 

While  cleanup  of  lead  from  small  arms  firing  ranges  is  normally  controlled  by  CERCLA,  the 
decision  regarding  which  regulatory  scheme  applies  is  a  fact-specific  decision. 


EPA  Munitions  Rule:  Section  107  of  the  Federal  Facility  Compliance  Act  (FFC  A)  of  1992 
amended  RCRA  by  adding  a  new  section  (3004y)  that  required  the  EPA  to  "identify  when 
military  munitions  become  hazardous  waste  for  the  purposes  of  RCRA  Subtitle  C,  and  to  provide 
for  the  safe  transportation  and  storage  of  such  wastes."  The  Military  Munitions  Rule  (EPA 
Munitions  Rule),  published  at  Federal  Register  Vol.  62,  No.  29,  page  6622, 12  February  1997, 
responded  to  several  key  issues  raised  concerning  the  application  of  RCRA  to  military 
munitions.  The  EPA  Munitions  Rule  is  codified  at  40  CFR  Parts  260  through  266  and  Part  270 
(Subpart  M,  Military  Munitions,  is  in  part  266). 


Under  the  EPA  Munitions  Rule,  fired  military  munitions  fragments  (e.g.,  spent  bullet  fragments, 
debris,  and  unexploded  ordnance)  are  not  considered  RCRA  waste  (i.e.,  a  discarded  material) 
when  the  munitions  were  used  for  their  intended  purpose,  as  they  would  be  within  the  confines 
of  an  active  or  inactive  firing  range.  Under  the  EPA  Munitions  Rule,  the  recovery,  collection, 
and  on-range  destruction  of  munitions  fragments  from  an  active  or  inactive  range  during  range 
clearance  activities  is  also  considered  use  for  intended  purpose.  Although  on-range  collection 
may  not  by  itself  render  the  fragments  RCRA  waste,  the  removal  of  such  materials  to  an  off- 
range  location  or  their  biirial  on-range  would  be  discarding  and  result  in  the  generation  of  a  solid 
waste  (therefore  a  potentially  hazardous  waste)  subject  to  RCRA  disposal  regulations.  However, 
lead-containing  munition  fragments  destined  for  off-range  reclamation/recycling  would  be 
exempted  from  regulation  as  a  hazardous  waste  under  the  RCRA  scrap  metal  provision  found  in 

40CFRPart261.6(a)(3Xii). 

Under  the  EPA  Munitions  Rule,  fired  munitions  that  land  off-range  and  are  not  promptly 
retrieved  have  been  discarded  and  would  then  be  regulated  as  solid  wastes  under  RCRA. 

DOD  Proposed  Range  Rule:  Closed,  Transferred,  and  Transferring  Ranges  Containing 
Military  Munitions;  Proposed  Rule,  DOD,  Federal  Register  Vol.  62,  No.  187, 

26  September  1997  (DOD  Range  Rule)  proposes  a  process  for  evaluating  and  selecting 
appropriate  response  actions  at  closed,  transferred,  and  transferring  military  ranges.  This  rule 
does  not  apply  to  active  ranges. 

This  rule  was  proposed  in  response  to  the  EPA  Munitions  Rule  and  addresses  the  management  of 
closed,  transferred,  and  transferring  ranges,  which  were  not  addressed  in  the  EPA  Munitions 
Rule  as  discussed  above.  If  finalized,  the  DOD  Range  Rule  will  establish  procedures  for 
evaluating  and  responding  to  safety,  hmnan  health,  and  environmental  risks  on  closed, 
transferred,  and  transferring  military  ranges.  To  accomplish  this,  the  DOD  Range  Rule  proposes 
a  five-part  Range  Response  Process.  This  process  evaluates  appropriate  response  actions, 
consistent  with  CERCLA  cleanup  provisions,  which  evaluate  actual  risks  posed  by  contaminants 
based  on  reasonably  anticipated  future  land  use.  This  could  mean  compliance  with  significantly 
different  cleanup  criteria  than  might  be  required  under  RCRA  authority,  which  would  apply  if 
the  munitions  fragments  at  closed,  transferred,  and  transferring  ranges  were  designated  RCRA 
solid  wastes. 

CWA:  The  Water  Quality  Act  of  1987  created  specific  provisions  for  the  control  of  siirface 
water  pollution  caused  by  storm  water  runoff.  Runoff  from  firing  ranges  can  contain  elevated 
levels  of  dissolved  lead  and  other  heavy  metals,  as  well  as  particulate  metal  and  sediments. 
Therefore,  a  National  Pollutant  Discharge  Elimination  System  (NPDES)  permit  may  be  required 
if  the  EPA  or  State  determines  storm  water  discharge  from  a  range  contributes  to  a  violation  of  a 
water  quality  standard  or  is  a  significant  contributor  of  pollutants  to  the  waters  of  the  U.S. 

Safe  Drinking  Water  Act:  The  Safe  Drinking  Water  Act  of  1974  (amended  in  1996),  the 
primary  law  used  to  protect  the  nation’s  drinking  water  supply,  sets  drinking  water  standards  that 
safeguard  the  public  health  against  pollutants  and  contaminants. 
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7.1  Approach  to  Regulatory  and  End-User  Acceptance 

SACON  bullet  traps  are  being  utilized  as  an  advanced  best  ^  ,,  I  .  .. 

ranges  that  pose  a  significant  risk  for  lead  migration  off  the  range.  The  SACON  bdlet  trap  both 
capLres  small-arms  bullets  and  renders  the  bullet  debris  less  mobile.  Use  of  S  ACON  provides 
the  end  user  with  a  means  to  keep  critical  at-risk  small  arms  ranges  operaUonal  by  enhancmg 
compliance  with  the  Munitions  Rule  requirement  to  localize  lead  to  the  range. 

NEPA  and  Army  Regulation  (AR)  200-2  require  environmental  documentation  for  all  federal 
actions  (e.g.,  military  training,  new  technology/equipment  testing,  construction  projects,  md  real 
property  transactions).  Documentation  of  the  SACON  testing  at  ATC  consisted  of  completmg  a 
record  of  environmental  consideration  prior  to  testing.  No  potential  envu-onmental  impacts  were 
identified  and  testing  activities  met  the  AR  200-2,  A-12  requirements  for  categorical  exclusion. 
The  Federal  and  State  regulatory  community  was  not  involved  prior  to  or  durmg  the 
demonstration. 


In  analyzing  the  results  of  the  demonstration,  the  most  promment  regulatory  issue  ^sociated 
with  the  full-scale  implementation  of  SACON  is  the  RCRA  waste  classification  of  SACON 
debris  when  it  is  removed  from  the  range.  The  administrative,  handlmg,  and  disposd  actions 
required  for  the  proper  management  of  RCRA  solid  wastes  are  significantly  less  burdensome  and 
costly  than  those  associated  with  RCRA  hazardous  waste  management.  Thm,  waste 
classification  will  impact  the  end-user’s  burden  significantly.  All  weathered  samples  of  SACO 
debris  taken  from  the  ranges  indicate  a  solid  waste  classification.  These  findings  ease  the  burden 
placed  on  planning  for  waste  management  and  allow  for  initial  operating  procedures  to  be 
developed  with  generator's  knowledge  that  the  material  removed  will  be  nonhaz^dom.  Waste 
samples  at  each  range  would  need  to  be  analyzed  to  support  the  nonhazardous  cl^sific^on  at 
each  location.  A  flow  diagram  (fig.  7-1)  has  been  developed  to  aid  the  potential  S  ACON  usw  m 
determining  process  requirements  associated  with  handling  used  SACON  matenal.  Local,  State, 
and  Federal  regulations  should  be  consulted  in  developing  specific  waste  management 
procedures  for  individual  sites. 
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Figure  7-1  (Cont'd) 
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8.  Stakeholder/End-User  Issues 


AEC  initiated  investigations  of  range  user  requirements  with  respect  to  bullet  traps  in  1996.  A 
study  was  conducted  to  define  user  needs,  develop  evaluation  criteria  for  bullet  traps,  and 
determine  which  general  range  types  may  benefit  fi'om  the  application  of  bullet-trapping 
technologies.  The  following  installations  were  visited:  Fort  Hood,  Fort  Jackson,  Fort  Knox, 

Fort  Benning,  Fort  Drum,  Fort  Pickett,  Fort  Sill,  and  Fort  Leonard  Wood.  Based  on  subjective 
observations  on  various  types  of  ranges  and  interviews  with  Range  Managers  and  training 
personnel,  bullet-trap  design  and  performance  objectives  were  developed  which  led  to  the 
establishment  of  suggested  evaluation  criteria  for  use  in  assessing  a  bullet  trap’s  applicability  to  a 
specific  range  use.  The  resultant  evaluation  criteria  were  published  in  AEC  Report 
No.  SFIM-AEC-ET-CR-96142. 

Concurrent  with  the  development  of  the  evaluation  criteria,  AEC  conducted  a  comprehensive 
search  for  commercially  available  bullet  traps  to  determine  the  types  of  traps  currently  available 
on  the  market.  Using  the  developed  evaluation  criteria  and  the  bullet-trap  information  gathered 
during  the  market  search,  AEC  produced  a  preliminary  assessment  of  the  applicability  of 
commercially  available  bullet  traps  to  outdoor  military  small  arms  ranges.  This  feasibility 
assessment  is  dociimented  in  AEC  Report  No.  SFIM-AEC-ET-CR-96195.  This  assessment  was 
based  solely  on  bullet-trap  manufacturer’s  claims,  which  were  mainly  based  on  observed 
performance  of  the  traps  on  indoor  ranges.  At  that  time,  outdoor-range  use  of  bviUet  traps  that 
were  capable  of  containing  the  bullet  debris  was  almost  nonexistent.  SACON  was  identified  as  a 
potentidly  recyclable  bullet-trapping  medium  with  possible  applications  on  the  25-Meter,  AFF, 
ARF,  and  CPQC  Ranges.  The  feasibility  study  provided  projected  results  assuming  range 
throughputs  and  trap  performance. 

Early  in  the  ESTCP  demonstration,  WES  initiated  a  joint  study  with  the  Department  of  Civil  and 
Mechanical  Engineering  at  USMA  to  investigate  the  use  of  SACON  to  gain  performance  data. 
WES  provided  references  on  their  previous  work  with  SACON  to  aid  USMA  in  matching 
SACON  with  their  needs  to  improve  USMA’s  ARF  Range  (Range  5).  The  SACON  design 
(block  shapes),  range  integration,  and  Range  5  installation  method  were  determined  by  two 
USMA  cadets  as  part  of  Advanced  Individual  Study  Course  No.  489  (ref  36).  With  the  fimding 
of  the  ESTCP  project,  WES  was  able  to  manufacture  and  supply  the  necessary  SACON  materials 
to  improve  Range  5.  On  this  range,  the  specific  SACON  tests  that  proved  to  be  successful 
remain  in  use,  providing  target  coffin  protection  and  mitigating  the  impact  erosion  behind  several 
of  the  targets. 

USMA  and  Fort  Knox  were  chosen  based  upon  their  desire  to  improve  their  ranges  and  the 
likelihood  of  producing  the  desired  bullet  throughput  necessary  to  demonstrate  the  technology. 
Shaping  of  SACON  materials  and  placement  locations  were  determined  by  WES  (except  as 
noted  on  Range  5  at  USMA  above)  with  input  from  both  Fort  Knox  and  USMA  range  personnel. 
User  input  was  solicited  throughout  the  demonstration.  A  detailed  data  collection  system  was 
developed  to  capture  the  thou^ts  and  opinions  of  the  range  users  for  the  subjective  and 
objective  evaluation  of  the  technology. 
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At  the  conclusion  of  the  demonstration,  the  acceptance  of  the  technology  diff^ed  upon  location 
and  with  use.  USMA  chose  to  continue  the  use  of  SACON  on  Range  5  (A^) 
reduced  impact  erosion  achieved  with  its  use.  However,  USMA  chose  to  have  the  SACO 
barriers  removed  from  Range  3  (25-Meter  Range).  The  SACON  installation  on 
perceived  to  be  too  labor  intensive  to  warrant  its  use.  Fort  Knox  chose  to  have  allSAC 
removed  from  their  ranges  until  a  complete  assessment  of  the  material’s  costs,  p^ormance,  and 
benefits  could  be  completed.  These  factors,  coupled  with  the  current  regulatory  impacts  on 
range  use,  would  drive  any  future  decision  concerning  the  use  of  SACON  or  any  other  bullet¬ 
trapping  technology  on  their  ranges.  Acceptance  of  the  SACON  bullet-trappmg  technology  by 
range  users  was  not  fully  received  primarily  because  under  the  current  regulatory  environment, 
the  no-action  alternative  of  continuing  current  range  operations  exists  and  is  more  economical. 
The  continued  use  of  simulated  SACON  railroad  ties  on  the  ARF,  AFF,  and  CPQC 
would  require  installation  personnel  to  manufacture  SACON.  This  is  obviously  more  difficul 
than  continuing  to  use  landscape  timbers.  The  use  of  SACON  barriers  to  trap  bidets  on  the 
25-Meter  Range  again  takes  more  range  personnel  labor  than  allowing  the  deposition  onto  the 

ranges  or  into  existing  berms. 


Range  Manager  support  for  implementing  bullet-trapping  technologies  will  mcrease  dramatically 
as  the  implementation  of  the  Munitions  Rule  and  increased  regulatory  . 

operations  impact  the  ability  of  DOD  to  meet  training  requirements.  Support  for  SACON  will 
grow  as  costs  are  reduced  and  comparisons  are  made  to  the  performance  of  other  bullet-trappmg 

technologies. 
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9.  Technology  Implementation 


9.1  DODNeed 

DOD  operates  approximately  1800  small-arms  ranges.  The  number  of  these  ranges  that  are 
“at-risk”  ranges  is  unknown.  “At-risk”  ranges  are  those  ranges  \^4iere  lead  migration,  through 
aerial,  surface  water,  and/or  groimdwater  transport,  may  result  in  regulatory  action  being  taken 
that  affects  the  use  or  operation  of  the  range.  USAEC  subjectively  estimates  a  subset  of 
approximately  10  percent  of  the  1800  ranges  are  at  risk  of  noncompliance  with  the  Military 
Munitions  Rule.  SACON  offers  an  effective  method  of  reducing  heavy-metal  transport  risk  at 
these  vulnerable  ranges. 

9.2  Transition 

The  demonstration  objectives  focused  on  identifying  and  validating  the  performance,  cost, 
safety,  logistics,  training  realism,  and  recycling  aspects  of  the  SACON  bullet-trap  material.  The 
major  findings  of  the  demonstration  are  as  follows: 

•  The  SACON  bullet-trap  design  tested  contained  87  percent  of  the  bullets  fired  at  the  trap. 
The  majority  of  the  released  Action  of  bullet  debris  was  deposited  immediately  in  front  of 
the  trap,  formmg  a  debris  pile.  Lead  concentrations  in  the  trap  and  debris  pile  exceeded 
60,000  mg/kg. 

•  In  the  absence  of  weathering,  the  SACON  debris  samples  collected  at  ATC  exhibited  TCLP 
levels  that  exceeded  5  mg/L,  which  would  result  in  a  hazardous  waste  classification  based  on 
lead  toxicity.  However,  all  samples  taken  from  SACON  bullet  traps  tested  at  Fort  Knox  and 
USMA  that  were  exposed  to  the  effects  of  weathering  resulted  in  TCLP  levels  of  less  than 

5  mg/L.  Exposure  of  the  bullet  debris  to  the  SACON  material  resulted  in  die  formation  of 
insoluble  lead  corrosion  products.  As  a  result,  all  SACON  debris  removed  from  these  ranges 
was  classified  as  nonhazardous  and  disposed  of  as  a  solid  waste. 

•  Soil  erosion  resulting  from  repeated  bullet  impacts  was  reduced  in  front  of  and  behind  the 
target  emplacements  by  burying  SACON  in  these  areas.  Reducing  soil  erosion  aids  in 
mitigating  the  physical  transport  of  lead  debris  from  the  bullet’s  impact  point  on  the  range. 
SACON  also  provides  adequate  protection  of  the  target  coffin  when  properly  maintained. 
Mitigation  of  this  impact  erosion  results  in  less-frequent  maintenance  requirements  in  these 
areas.  An  estimate  of  a  two-thirds  reduction  in  maintenance  time  for  the  areas  where 
SACON  was  buried  was  subjectively  made  based  on  visual  observations  during  the 
demonstrations.  Free-standing  SACON  barriers  did  not  perform  as  well  due  to  rapid  wear 
necessitating  frequent  maintenance. 

•  Durability  testing  in  a  25-Meter  Range  application  conducted  at  ATC  indicated  that  a 
maintenance  event  will  be  required  after  7,100  rounds  are  &ed  into  the  trap  design  that  was 
tested. 
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•  Nonrecurring  costs  associated  with  the  installation  of  SACON  bullet  traps  on  a  25-Meter 
Range  are  estimated  at  approximately  $1600  per  lane.  The  annual  recurring  costs  associated 
with  the  use  of  SACON,  which  consist  of  maintenance,  waste  management,  and  replacement 
SACON  block  manufacturing,  were  estimated  at  $3800  per  lane.  These  recurring  costs  were 
derived  based  upon  the  assumption  of  an  annual  throughput  of  30,000  M855  bullets  on  a  lane 
and  on  the  durability  of  the  SACON  bullet  trap  designs  that  were  tested. 

•  Ricochet  testing,  conducted  at  ATC  and  assessed  by  the  Corps  of  Engineers  Engineering 
Support  Center,  proved  that  the  use  of  SACON  on  small-arms  ranges  will  have  no  effect  on 
the  range’s  SDZ. 

•  PPE  will  be  required  to  perform  maintenance  on  SACON  barriers  to  limit  lead  and  dust 
exposure. 

•  The  weight  of  the  SACON  blocks  used  in  the  demonstration  exceeded  established  limits  for 
personnel  lifting  and  handling  to  perform  maintenance.  Alternate  block  designs  that  utilize 
mechanical  lifting  and  handling  equipment  must  be  used  to  safely  install  and  maintain 
SACON  bullet  traps. 

•  A  recycling  demonstration  conducted  at  WES  resulted  in  the  determination  that  SACON 
material  that  has  been  shot  with  the  M855  5.56-mm  round  cannot  be  economically  recycled 
using  the  process  employed  by  WES.  The  process  did  not  meet  steel  or  lead  reduction 
targets  established  for  the  demonstration.  It  should  be  noted  that  the  applicability  of  these 
targets  has  since  been  questioned  based  on  the  field  results  of  the  live-fire  testing  conducted 
on  the  recycled  SACON  blocks.  Further  testing  will  be  required  to  establish  valid  recycling 
performance  criteria. 

SACON  does  provide  Range  Managers  with  a  means  of  effectively  capturing  and  contaiimg 
lead  on  small  arms  ranges,  specifically  in  25-Meter  Range  backstop  applications  and  buried 
blocks  to  mitigate  impact  erosion  around  targets.  SACON  offers  sigmficant  benefits  in 
comparison  to  current  COTS  technologies.  It  exhibits  an  ability  to  inhibit  the  leaching  of  lead 
corrosion  products.  Other  COTS  bullet  traps  and  soil  berms  do  not  have  this  lead  stabilization 
capability.  The  waste  generated  fi'om  the  normal  range  use  of  SACON  did  not  exhibit  hazardous 
waste  characteristics  and  was  disposed  of  as  a  solid  waste.  SACON  is  not  flammable  and  can  be 
formed  in  any  shape,  making  it  adaptable  to  more  range  applications  than  standard  COTS 
technologies.  However,  like  all  bullet  traps,  SACON  is  an  expensive  means  of  mitigating  the 
risk  of  lead  transport  fi’om  ranges  and  should  only  be  considered  as  a  last  resort  for  keeping 
ranges  environmentally  compliant.  Other  methods  of  reducing  lead  transport  risk  should  be 
investigated  prior  to  installing  any  bullet-trap  technology.  New  methods  of  stabilizing  the  lead 
on  the  range  and  mitigating  physical  lead  transport  in  storm  water  runoff  are  being  developed 
and  may  provide  more  cost-effective  means  of  reducing  lead  transport  risk  and  bioavailability. 


Several  shortcomings  that  were  identified  by  the  demonstration  necessitate  further  development 
of  the  SACON  technology.  SACON  is  comparable  in  cost  to  rubber  bullet-trap  technologies 
when  used  on  medium-  to  high-risk  ranges  with  a  low  annual  bullet  throughput.  Further 
development  is  required  to  reduce  maintenance  costs  to  levels  comparable  with  the  COTS 
technologies  for  use  on  ranges  with  moderate  to  high  bullet  throughput.  This  can  be  done 
through  developing  less  labor-intensive  maintenance  practices  and  by  increasing  the  durability  of 
the  SACON  biUlet  trap  designs.  Development  of  larger,  non-man  portable  blocks  would  increase 
reliance  on  mechanized  material-handling  equipment  (MHE)  but  significant  labor  hours  could  be 
saved.  In  concert  with  the  use  of  larger  blocks,  a  method  to  patch  the  blocks  in  place  would 
result  in  lower  costs.  This  would  reduce  the  voliime  of  material  requiring  disposal  to  only  the 
debris  from  the  bullet  cavities.  Incorporation  of  the  debris  material  as  a  feedstock  to  the  patch 
mix  would  further  reduce  disposal  volumes.  Further  testing  should  be  conducted  to  enhance  the 
durability  of  free-standing  SACON  objects  placed  on  the  ARF,  AFF,  and  CPQ  Ranges. 

Preliminary  plans  have  been  developed  to  address  the  durability  and  maintenance  issues 
identified  above.  SACON  development  and  testing  could  be  efficiently  accomplished  by  an 
AEC/ATC/USMAAVES  team  with  AEC  providing  program  management  and  ATC  serving  as 
the  principal  investigating  agency  performing  accelerated  testing,  coordinating  field  testing,  and 
reporting.  The  Civil  Engineering  (CE)  Department  at  USMA  and  WES  would  provide 
development  and  design  work,  to  include  refining  SACON  bullet-trap  designs,  investigating 
quick-setting  patches,  and  implementing  and  improving  operation  and  maintenance  procediires. 
Field  demonstrations  would  verify  the  performance  of  the  newly  developed  procedures. 
Additional  demonstration  costs  are  estimated  at  $500,000.  The  timeframe  for  further  SACON 
development  will  depend  on  the  perceived  need  for  the  technology  (which  will  be  driven  by 
increasing  regulatory  impacts  on  range  use)  and  frmding  availability. 

Industry  has  shown,  and  continues  to  show,  an  interest  in  the  development  and  application  of 
SACON.  Ballistics  Technology,  Inc.  (BTI)  participated  in  the  demonstration  under  a 
Cooperative  Research  and  Development  Agreement  (CRADA).  During  the  demonstration,  WES 
and  BTI  collaborated  on  SACON  designs  and  BTI  conducted  limited  concurrent  testing  of  the 
material  in  some  range  applications.  BTI  is  currently  marketing  SACON  for  a  number  of  range 
uses.  Interest  in  the  development  and  use  of  the  material  on  ranges  has  also  been  expressed  by 
Technical  Consultants  Group  (TechCon)  of  Chattanooga,  Tennessee,  and  others.  Also,  Terran 
Corporation,  an  environmental  services  firm,  is  currently  working  with  the  state  of  Ohio  to 
develop  SACON  bullet-trap  designs  to  address  lead  issues  specific  to  the  law  enforcement  ranges 
in  Ohio. 

At  its  current  level  of  development,  SACON  is  ready  for  application  to  small-arms  ranges  where 
the  risk  for  lead  migration  from  the  range  cannot  be  mitigated  by  existing  erosion  control 
methods.  Implementation  guidance  is  available  in  the  form  of  a  SACON  Construction  Manual 
authored  by  WES.  The  manual  provides  instructions  for  manufacturing  and  installing  SACON 
for  various  range  applications.  The  manual  can  be  used  to  develop  procurement  specifications 
for  specific  range  applications.  It  is  available  at  the  following  World  Wide  Web  address: 
http://aec-www.apgea.army .mil:8080.  Technical  assistance  with  the  application  and 
manufacture  of  SACON  is  also  available  via  AEC’s  hotline  (1-800-USA-3845)  or  e-mail: 
t2hotline@aec.apgea.amiv.mil  and  from  WES  by  contacting  Dr.  Philip  Malone  at  WES  by  phone, 

(601)  634-3960. 
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10.  Lessons  Learned 


SACON  technology  has  been  in  existence  for  years.  The  demonstration  was  mtended  to  vahda  e 
its  application  to  small-arms  ranges  to  capture  bullets  and  control  ^ 

environment.  The  technology  was  innovative  in  that  it  provides  a  potentially  reeyda^^let- 
liap  material  that  reduces  the  ability  of  lead  debris  to  leach  mto  the  enviromenL  Hoi^«, 
ac^ee  of  this,  or  any  technology  designed  to  mitigate  lead  nugratton  from 
ranges,  will  be  limited  until  the  impact  from  environmental  regulatory  directives  is  felt  on  range 

operations  and  troop  readiness. 

To  a  lesser  extent,  technology  acceptance  on  small-arms  ranges  may  be  impacted  by 

the  definition  ofTser  needs.  The  requirements  for  small-anns  trainmg  and  the 
methods  of  conducting  training  are  well  understood;  however^e  requirements  for  rmge 
upgrades,  whether  they  are  environmentally  or  operationally  dn^n,  are  ^efoed.  A 

requirements  document  similar  to  an  Operational  Requirements  Document  (O^)  be 

developed  to  ensure  that  range  upgrades  are  completed  m  a  manner  which 
Further  investigation  into  the  modes  of  lead  transport  on  ranges  and  the  extent  of  the  lead 
mobility  issues  on  DOD  small  arms  ranges  is  required  to  cle^ly  define 
performance  targets  for  range  upgrades.  The  formalization  of  requirements  would  enable  tl^e 
technology  developers  to  better  configure  SACON  or  other  lead  mitigation  technologies  to  user 
requirements.  Creating  a  requirements  document  with  performance  specification  for  user 
acceptance  would  allow  environmental  dollars  to  be  leveraged  to  maximize  envnonmental 
compliance  and  to  simultaneously  enhance  trainmg  capabilities.  Fomalized  and  approved 
performance  requirements  will  ensure  the  technology  is  implemented  if  those  end-use  acceptance 

criteria  are  met. 

Other  lesstms  learned  pertain  to  the  conduct  of  demonstrations  on  at^ve  ^ 

data  collection  requirements  are  lengthy  or  complex,  complete  and  thoro^  data  collection  wi 
suffer  unless  a  member  of  the  demonstration  team  is  on  site  collecting.  Theto  elements 
required  to  evaluate  the  SACON  demonstration  objectives  were  extensive.  The  burden  tor 
collecting  the  data  was  placed  upon  range  personnel  as  additional  duties.  Creatmg 
work  without  clearly  apparent  gains  to  the  range  personnel  leads  to  data  collection  shortcuts  an 
oversights.  If  the  data  are  critical  (as  they  always  are  to  provide  an  objective 
approbate  personnel  should  be  dedicated  to  the  collection.  Integratmg  Ae  field  data  collectors 
iZ  the  demonstration  team  is  a  priority.  Soliciting  input  from  the  user  during  data  collection 
methodology  development  will  enhance  team  building  and  result  m  improved  data  quality^ 
During  the  development  of  data  collection  methodology,  a  clear  and  concise  delmeation  of 
responsibilities  must  be  made.  Whenever  possible,  a  data  collector  fr^  the  lead  test 
organization  should  be  on  site  throughout  the  demonsfration  penod. 

testing  agency  allows  for  real-time  analysis  of  procedures  and  data  and  enables  rapid  correction 
to  date  deficiencies.  Although  this  is  a  costly  approach,  the  value  gamed  *rou^  the  conduct  of 
the  demonstration  is  diminished  without  accurate  and  complete  date  on  which  to  base  the 

assessment. 
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APPENDIX  A.  POINTS  OF  CONTACT 


Project  Manager;  Gene  Fabian 

U.S.  Army  Environmental  Center 

ATTN:  SFIM-AEC-ETD 

Aberdeen  Proving  Grovmd,  MD  21010-5401 

Phone:  (410)436-6847 

Fax:  (410)  436-6836 

Email:  gene.fabian@aec.apgea.armv.mil 

Principal  Evaluator:  Ken  Hudson 

U.S.  Army  Aberdeen  Test  Center 

ATTN:  STEAC-TC-M 

Aberdeen  Proving  Grovmd,  MD  2 1 005-5059 

Phone:  (410)278-4729 

Fax:  (410)278-9353 

Email:  khiid.son@.atc.armv.mil 


Principal  Investigator:  Dr.  Philip  Malone 

U.S.  Army  Engineer  Waterways  Experiment  Station 

ATTN:  CEWES-SC-E 

3909  Halls  Ferry  Road 

Vicksburg,  MS  39180-6199 

Phone:  (601)634-3242 

Fax;  (601)  634-3242 

Email:  ma1oneD@mail.wes.armv.mil 
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APPENDIX  B.  DATA  ARCHIVING  AND  DEMONSTRATION  PLAN 


Electronic  copies  of  this  report  as  well  as  a  SACON  implementation  gmdance  (USAEC 

Report  No.  SFIM-AEC-ET-CR-99018)  can  be  obtained  at 

http;//aec-www.apgea.army.mil:  8080  Copies  of  approved  demonstration  plans,  reports, 

and/or  data  are  available  and  can  be  obtained  by  contacting. 


Project  Manager:  Gene  Fabian 

U.S.  Army  Environmental  Center 

ATTN:  SFIM-AEC-ETD 

Aberdeen  Proving  Ground,  MD  21010-5401 

Phone:  (410)436-6847 

Fax:  (410)  436-6836 

Email:  pene.fabian@aec.apgea.armv.niil 


Raw  survey  data  have  been  stored  on  the  Automated  Test  Incident  Reportmg  System 
(ATIRS)  maintained  by  the  U.S.  Army  Aberdeen  Test  Center.  For  access  to  these  data, 
contact  the  ATIRS  administrator  at  www.atc.armv.mil  or  contact: 


Principal  Evaluator:  Ken  Hudson 

U.S.  Army  Aberdeen  Test  Center 

ATTN:  STEAC-TC-M 

Aberdeen  Proving  Ground,  MD  21005-5059 

Phone:  (410)278-4729 

Fax:  (410)278-9353 

Email:  khndson@atc.armv.mil 

For  technical  and  procurement  guidance,  contact  the  U.S.  Army  Engineer  Waterways 
Experiment  Station: 

Principal  Investigator:  Dr.  Philip  Malone 

U.S.  Army  Engineer  Waterways  Experiment  Station 

ATTN:  CEWES-SC-E 

3909  Halls  Ferry  Road 

Vicksburg,  MS  39180-6199 

Phone:  (601)634-3242 

Fax:  (601)  634-3242 

Email:  malonep@mail  .wes.armv.mil 
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APPENDIX  C.  ABBREVIATIONS 


AEG 

AFB 

AFF 

ANEV 

APG 

AR 

ARF 

ASTM 

ATC 

ATIRS 

ATSC 

BMP 

BRAG 

BTI 

GE 

GERGLA 

GFR 

GOE 

GOTS 

GPQG 

GRADA 

GRBFT 

GWA 

DGU 

DESA 

DOD 

DPW 

DRMO 

EGAM 

EDX 

EPA 

EPGRA 

ESG 

FFGA 

FUDS 

GRFT 

HUD 

IGP 

JHA 

MHE 

MIDAS 

MOUT 

MR 

NEPA 


=  U.S.  Army  Environmental  Genter 
=  Air  Force  Base 
=  automated  field  fire 
=  annual  net  equivalent  value 
=  Aberdeen  Proving  Ground 
=  Army  Regulation 
=  automated  record  fire 
=  American  Society  for  Testing  Materials 
=  U.S.  Army  Aberdeen  Test  Genter 
=  Automated  Test  Incident  Reporting  System 

=  U.S.  Army  Training  Support  Genter 
=  best  management  practice 
=  Base  Realignment  and  Glosure 
=  Ballistics  Technology,  Inc. 

=  Gorps  of  Engineers  . 

=  Gomprehensive  Environmental  Response,  Gompensation,  and  Liability  Act 

=  Gode  of  Federal  Regulations 

=  U.S.  Army  Gorps  of  Engineers 

=  commercial  off-the-shelf 

=  Gombat  Pistol  Qualification  Gourse 

=  Gooperative  Research  and  Development  Agreement 

=  composite  rubber  block  fiiction  trap 

=  Glean  Water  Act 

=  dust  collection  unit 

=  Defense  Evaluation  Support  Activity 

=  Department  of  Defense 

=  Department  of  Public  Works 

=  Defense  Reutilization  and  Marketing  Office 

=  Environmental  Gost  Analysis  Methodology 

=  Energy  Dispersion  X-ray  Spectroscopy 

=  Environmental  Protection  Agency 

=  Emergency  Planning  and  Gommunity  Right-to-Know  Act 

=  Engineering  and  Support  Genter 

=  Federal  Facility  Gompliance  Act 

=  Formerly  Used  Defense  Sites 

=  granular  rubber  friction  trap 

=  U.S.  Housing  and  Urban  Development 

=  Inductively  Goupled  Plasma 

=  Job  Hazard  Analysis 

=  material-handling  equipment 

=  Munitions  Items  Disposition  Action  System 

=  Military  Operations  in  Urban  Terrain 

=  Munitions  Rule 

=  National  Environmental  Policy  Act 
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NPDES 

O&M 

= 

OIC/NCOIC 

= 

ORD 

= 

OSHA 

= 

Pb 

= 

PMCS 

= 

PPE 

= 

RCRA 

= 

REST 

= 

RQ 

= 

RR 

= 

SACON 

= 

SAW 

= 

SDT 

SDZ 

= 

SOP 

= 

TCLP 

= 

TechCon 

= 

TECOM 

= 

TRADOC 

= 

TWA 

= 

USACE 

= 

USEPA 

= 

USMA 

= 

WES 

= 

National  Pollutant  Discharge  Elimination  System 
operation  and  maintenance 

officer  in  charge/noncommissioned  officer  in  charge 
Operational  Requirements  Document 
Occupational  Safety  and  Health  Administration 
lead 

preventive  maintenance  checks  and  services 
personnel  protective  equipment 
Resource  Conservation  and  Recovery  Act 
Range  Evaluation  Software  Tool 
reportable  quantity 
Range  Rule 

shock-absorbing  concrete 

squad  automatic  weapon 

steel  deceleration  trap 

safety  danger  zone 

Standing  Operating  Procedure 

Toxic  Characteristic  Leaching  Procedure 

Technical  Consultants  Group 

U.S.  Army  Test  and  Evaluation  Command 

U.S.  Army  Training  and  Doctrine  Command 

time-wei^ted  average 

U.S.  Army  Corps  of  Engineers 

U.S.  Environmental  Protection  Agency 

U.S.  Military  Academy 

Waterways  Experiment  Station 
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